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AN EVALUATION OP IN VITRO TESTS IN THE DIAGNOSIS OF 
VIRUS DISEASES 


S. Edward Sulkin, Ph.D., and Ernest jM. Izumi, JI.A.* 

Dallas, Texas 

T he neutralization test is the laboratorj" procedure now in general use for 
tlic diagnosis of virus diseases. Since this test is cumbersome and costly, 
as well as time-consuming, efforts have been made in recent years to replace it 
with methods which would be simple, accurate, and inexpensive. The comple- 
ment fixation test recently described by Casals and Palacios^ and by Havens and 
his associates* is sufdcicntly specific to differentiate the various experimental in- 
fections caused by the neurotropic viruses. This test has already yielded en- 
couraging results^* * when used in the diagnosis of human infections induced 
by some of those viruses. ]\[eanwhile, certain other in vitro antigen-antibody 
tests have been described by Goodner,® Cannon and Marshall,® and Roberts and 
Jones, ])ut no attempts to determine the value of these tests as diagnostic aids 
seem to have been publislied to date. It appeared that comparison of the ef- 
ficiency of these tests with tiiat of the aforementioned complement fixation and 
neutralization tests might load to further simplification of laboratory methods. 
In the present study, therefore, attempts have been made to ascertain the rela- 
tive value and practicability of these procedures in the diagiio.sis of virus dis- 
eases. In a few experiments with the influenza virus, the Ilirst^® red cell ag- 
glutination-inhibition test was also included in this comparison. 


jrATERIALS AND METHODS 

All antigens were freshly prepared and the technique ns outlined by the 
authors of the respective tests was rigidly adhered to in all details. Antigens 
used in this study were prepared with the viruses of eastern and western 
equine encephalomyelitis,^' St. Louis encephalitis,’' rabies,’’ IjTupho- 
granuloma venereum,®'’’” and type A influenza.®’’’’* Human as well as 
hyperimmune animal serat were tested. In a few instances hyperimmune mouse 
serum was obtained by injecting animals with homologous brain tissue and pool- 
ing the samples of blood. In the complement fixation tests with the neurotropic 
viruses, all human, goat, and mouse sera were heated to 60° C. for twenty min- 
utes before using. Guinea pig and rabbit sera, respectively, were inactivated for 
twenty minutes at 56° C. In the complement fixation tests with the viruses of 
epidemic influenza and lymphogranuloma venereum the sera were inactivated for 
thirty minutes at 56° C. 
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.virus was essentially tlie same as that described by Lcnnettc and Horsfall.^^ 
No neutralization tests wore conducted "with the agent of lympliogranuloma 
venereum. In reading tJie agglutination tests, the metliod of resuspension-ag- 
glutination was used since this procedure tends to eliminate prozone effects. 
The suspension of collodion particles, together with the antigen-antibody system 
in question, is centrifuged, thus bringing the particles together.*^ 

RESULTS 

Some of the tests herein I’cportcd were conducted during the latter part of 
1941 and involved the use of sera wliich had licen on hand since 1937. The re- 
sults of tlie tests on representative serum specimens from various natural and 
induced virus infections and from immunized animals are summarized in 
Table I. Few of the sera tested gave positive results with all of the tests used. 
In the majority of instances there was agreement between the rc.sults of the 
complement fixation and neutralization tests, while in only a few instances did 
the results of agglutination tests agree with those obtained by the other pro- 
cedures. The serum from one of the workers (E. ]\r. I.) who had been previously 
vaccinated against the western equine virus contained neutralizing antibodies, 
but no complement-fixing or agglutinating antibodies could be demonstrated. A 
number of sera from individuals inoculated'® with the complex influenza a-dis- 
temper chick embrj’o vaccine of Horsfall and Lcnnette^' were also tested by the 
various methods, using infected mouse lung tissue in preparing the antigens. 
The results with only two of these sera are presented in Table I. Although no 
complement-fixing antibodies could be demonstrated in one of these serum 
samples, both neutralizing and agglutinating antiliodies ^vere detectable. Aside 
from the serum which failed to show complement-fixing antibodies, a remark- 
able degree of correlation was noted with influenza virus and the corresponding 
serum. Incidentally, all of these gave positive reactions with the Hirst red coll 
agglutination-inhibition technique.'® 

With the rabies and influenza viruses suggestive flocculation occurred with 
some sera even without the use of collodion particles or bacterial cells. These 
observations are in agreement with those previously reported by Havens and 
Slayfield'®’ and by i\ragill and Francis.*® Heiile and Chambers*' also observed 
flocculation when the pooled extracmbryonic fluids of developing chick embryos 
inoculated with influenza a virus were mixed with human or ferret convalescent 
sera. 

The frequent lack of agreement between the complement fixation and neu- 
tralization tests has been demonstrated previously* and may be influenced by 
the time during convalescence when the blood .specimens are obtained. Tlie 
temperature at which the serum is stored may likewise influence the results.* 
Neutralizing antibodies against the western equine encephalomyelitis virus usu- 
ally may be detected earlier than the complement-fixing antibodies, while in 
St. Louis encephalitis the reverse is true.** ** Furthermore, the complement- 
fixing antibodies persist longer in equine cnecpiialomyelitis tlian they do in 
St. Louis enceplialitis.*' 

Many factors appear to complicate the procedure involving the use of 
collodion particles or bacterial cells. Apparently particles 24 hours old or older 
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often floecul.ite spontiinoously in llic jiresence of serum ]irolcins (especially 
whole horse serum) : hence low serum dilutions may yield false positive results. 
Also, fresli human serum contains factors which may cause spontaneous floccula- 
tion. This, however, may be eliminated by inactivatin" the serum at 5G° C. 
for thirty minutes. Similai’ difliculties present themselves also when bacteria 
instead of collodion particles are used ( Roberts-.] ones test). S]iontaneous 
eluminufr frequently occurs in the fre.shly prepared suspensions of bacterial 
cells killed by flowing steam. This was demonstrated by examination of stained 
]>re])arations. 


SOtMARV .\XD COXCI.USIOX.S 

An analysis of tliese findings indicates Ibat the Goodlier collodion-fixation 
test, the Cannon and IMar.shall collodion-agglutination test, and the Roberts and 
•Tones bacterial agglutination method, though simple in operation, present too 
many complicating factors to permit of general use as routine iiroeedures. Be- 
cause of the ease with which many sera can be examined and because of the 
relative simplicity of the technique, the complement fixation tc.st,* M'hether used 
alone or in conjunction with the neutralization test, is eminently u.scful as a 
method for diagnosis of virus disea.ses. 
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THE ('EPIIALIX-CIIOLESTEROL FLOCCUl.ATlON TEST 


I.r.o J. '\Vai)K, and Eij.kx Eiiiikxkkst Rictimax, JI.S. 

St. Louis. JIo. 

A n I.NTEKEST in the tmitniciit of eirrho.sis of llie liver lias led quite natur- 
ally to a eonsideration of the value of liver funetion tests as an aid to the 
early dia"nosis of cirrhosis and as a measure of change in hejiatie function pro- 
duced by thcrajiy. The known limitations of the older tests prompted us to 
investigate the suitability of the ecphalin-eholc.stcrol flocculation test. 

The ecphalin-eliolesterol floeenlation test rvas introduced in 1938 by Hanger.'’ 
He described the preparation of the eephalin-eholesterol emulsion as Avell as the 
results obtained in a variety of disea.scs. No significant floeenlation ivas ob- 
served in th(' absence of liver di.sea.se, and vanable degrees of flocculation 
dependine: upon the severity of the lesion) were consistently found in the pres- 
ence of hc]iatie disease. Hanger and othens,’’ have eonfirnied these findings 
and have established beyond any doubt the usefnlnc.ss of the test. Differences 
of opinion have arisen, however, concerning the A'alue of the test in the prc.s- 
ence of other systemic disease, its correlation with other liver funetion to.st.s, its 
usefnlne.ss in differentiating ob.struct ive from nonobstniclivc jaundice, the 
mechanism of a positive reaction, and other ju'obleins. The jiossibility that, the 
jiresenl data may contribute to a better understanding of some of the.se problems 
would seem to justify this communication. 


MATKIUAI, 

From among the l.oOO tests reviewed, 500 were chosen for this analysis. 
They were done on the scivi of iiatients whose diagnoses have been established 
in nio.st instances at nccroij.sy or at operation. The remaining diagnases are .sup- 
ported by unmistakable clinical evidence. The eases have been classified in 
three groups: 

I. I’.-itients with known lesions of the liver 

a. Diffuse 

b. Discrete 

II. Patients Avith suspected or jirobable dysfunction of the 
liver 

III. Patients Avith no known lesion or dysfunction of the liA'cr 


JICTIIOD 


Inasmuch as not more than from ten to fifteen te.sts A'.ere done per Avcck, 
it Avas found :>.dA-anta"i oils to do tlicin only one niorniiie each AA-eck. This 
s!mplifi'.'d the haboralory Avork and prevented necdlc.ss Avaste of roaitcnts. 
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CEPHALIN-CHOf^STEROI. FLOCCULATION TEST 


The proccdiii’e was as follows : 

A stock ether solution was prepared by placing 8 c.c. of ether in the vial containing the 
cephalin-cholcstoiol mixture* and shaking thoroughly. The resultant stock ether solution was 
stored in the refrigerator for use as needed. 

Not more tlian a few hours prior to the actual testing of sera an emulsion was prepared 
by adding (with constant stirring) 1 c.e. of the stock ether solution to 35 c.c. of freshly dis- 
tilled water which had been warmed to 05 or 70* C. This inixture was then heated slowly 
to boiling and alloired to simmer until the final volume reaclietl 30 c.c. After cooling to room 
temperature, the emulsion was readj* for use. That whttli was not used within a few liours 
was discarded. 

One cubic centimeter of this emulsion uas placed in a centrifuge tube containing 0.2 
c.c. of the patient’s serum diluted with 4 c.c. of plii'siologic saline (0.85 per cent sodium 
chloride solution). The mixture was shaken thoioughly, stoppered with cotton, and permitted 
to stand undistuibed at room temperature for twentj--four hour.s. Tlie reactions were graded 
in terms of negative and 1 to 4 jilu.s a 4 plus indicating complete flocculation which left the 
supernatant fluid uater-cleai. A control tube contanung 4 cc» of saline and 1 c.c. of emulsion 
without serum was always made to test the stability of the emulsion. 

It is essential tiiat all glassware be seruiniloiisly clean. If sera arc permit- 
ted to stand for six hours or longer, false po-si(ive reactions will occur with nor- 
mal sera and inereasingl.v positive reactions with abnormal sera. Knowing that 
this invariably occurs, we have dispensed with foit.v-eiglit-hour readings, 

RESULTS 

The sera of ITS patients with known diffaso pareneh.vinafous liver disease 
brought about floeeiilatiou of the cephalin-cholcstcrol emulsion in IT.S instances 
(Table I), Only five (or 2.8 per cent) were rend ns negative reactions. Two 
of these occurred in tlie prosenee of cirrhosis which anatomically was earl.y but 
nonetheless definite. Another occurred in the presence of carcinoma of the 
liver and a fourth in the presence of diffuse atroi)liy of the liver. The fifth 
negative test was obtained in a late case of catarrhal jaundice; it is felt that 
the test would undoubtedly have been positive at an earlier time. 


Table 1 

Known Lesions op tub Livet. — Diffuse 


NUMBER OF 

CASES 

DIAGNOSIS 

NEGATIVE 

0 1 phus 

2 PLUS 

POSITIVE 
3 PLUS 

4 PLUS 

127 

Cirrhosis 

2 

0 

4 

48 

73 

32 

Catarrhal jaundice 

1 

0 

3 

7 

21 


Carcinoma of liver 

0 

1 

0 

0 

1 

S 

Acute hepatitis 

0 

0 

0 

2 

6 

5 

Atrophy of liver 

0 

1 

0 

2 

2 

2 

Thrombosis of the portal vein 

0 

0 

0 

0 

2 

1 

Hand-Christian-Schiiller disease 

0 

0 

0 

0 

1 

1 

ecu poisoning 

0 

0 

0 

1 

0 

Total 178 


3 

2 

7 

60 

106 

100 per cent 

Negative, 2.8 per 
Positive, 97.2 per 

1.7 

cent 

cent 

1.1 

3.9 

33.7 

59.G 


Disci-ete lesions of the liver, involving only a small part of the parenchyma, 
were associated with a significant flocculation in 53.3 per cent of the instances 
(Table II) . Attention was usually, but not always, directed to these lesions by 

•We wish to express our thanliS to Dr- David -Klein, of the Wilson Laboratories, who 
so generously furnished these mixtures to us. 
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the presence of ohstrnctive jaundice. There was, however, no correlation be- 
tween the presence, duration, or severity of the jaundice in these cases and the 
presence or absence of flocculation. The positive reaction in the patient with 
liver abscess inaj" or may not be significant, for a pyogenic process anjnvhere 
in the body, as will be enipliasized later, may produce a positive test. 

Table II 


Knows Le.sions of nic Livep. — Discbete 


NUMBER OF 

CAKES 

DIAGNOSIS 


NEGATIVE 

0 1 FIATS 

2 PLUS 

POSITK'E 
3 PLUS 

4 PLUS 

40 

Carcinoma (metastatic 

or direct 

17 


0 

5 

6 

q 

e.\ten.sion into liver or bile 
ducts'! 

Cysts of liver 

0 

0 

0 

3 

0 

i 

Abscess of liver 


0 

0 

1 

0 

0 

1 

Bullet wound of liver 


1 

0 

0 

0 

0 

Total 45 

100 per cent 

Negative, 

Positive, 

46.7 per 
.53.3 per 

IS 

40.0 

cent 

cent 

3 

0.7 

10 

22.2 

S 

. 17.8 

6 

13.3 


In Table III are grouped those eases in whicli a reasonable suspicion of 
d.ysfnnetjon of the liver existed, even tliough in some instances there may have 
Ijeen no demonstrable anatomical lesion of the liver. Of these ISO cases, sixty- 
seven were associated with definite flocculation (37.2 per cent). Cholecystitis 
and cliolelithiasis were responsible for twenty -one of these, chi’onic passive con- 
gestion for tAventy-four, and chronic alcoholism foi- eight. No correlation could 
be established hetAveen the duration of cholecystitis and cholelithiasis and the 
presence or absence of flocculation. NcgatiA-e reactions Avere encountered in 
patients AAdiose history extended oA'er a fifteen- to tAventy-year period and positive 
reactions in patients Avith histories of only one to three months’ duration. The 
diagnosis of cardiac cirriiosis is not Avarranted on the basis of a positwe floccula- 
tion, for autopsy findings liaA'c not been confinnatory. The possibility of de- 
tecting early cirrhosis among patients suffering from alcoholism has been studied 
carefully. Although 20 per cent of such patients had a significant flocculation, 
none has returned Avith clinical cirrhosis even though tAvo to three years have 
lapsed in some instances. 

Table UI 


Suspected or Prob.able Da'sfunction of thf. Liver 


NUMBER. OF 

CASES 

DIAGNOSIS 

NEGATHTu 

0 1 PLUS 

2 PLUS 

POSITIVE 
3 PLUS 

4 PLUS 

44 

Cholecystitis and cholelithiasis 

20 

3 

0 

8 

7 

40 

Chronic alcoholism -with varying 
degi'eos of icterus and 
hepatomegal}- 

27 

0 

1 

4 

3 

55 

Cardiac disease with chronic 
passive congestion 

24 

7 

8 

8 

8 

4 

Congenital hemolytic icterus 

2 

0 

0 

0 

2 

10 

Eclampsia 

5 

5 

1 

3 

2 

18 

Diabetes mellitus 

12 

0 

2 

1 

3 

3 

Hyperthyroidism 

3 

0 

0 

0 

0 

Total ISO 


93 

20 

18 

24 

25 

100 per cent 

Negative, 02.8 per 
Positive, 37.2 per 

51.7 

cent 

cent 

11.1 

10.0 

13.3 

13.9 
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A control series of 105 tests is summarized in Table IV. Tliose from sub- 
jects without knouTi disease (interns, residents, and laboratory technicians) 
were negative in all instances. Floeculations thought to be significant did oc- 
cur, however, in nineteen patients who were not suspected of having any liver 
disease. Twelve of the nineteen positive reactions occurred in the presence of 
infection. This has been noted 1 ‘cpoatcdly, but unfortunately not all instances 
arc sufiicicntly clear cut to permit inelusion in this paper. It lias ])ocome the 
custom in this laboratory to disrcganl positive reactions in the presence of in- 
fectious disease except as a possible indication of transient dysfunction to be ex- 
pected with other systemic diseases. If one corrects the ]iei‘ecntagc of positive 
reactions accordingly, there remain JI.9 per cent of« unpredictable and nnac- 
countablc “false positives.*’ 

Tahle IV 

No Known Lfsion or. Dysfcni'tiox or the Liver. 


NUMBER OF 
OASES 


NEO,.\Ttvr 
0 7 pf.fs 


rosiTivn 

^rr.t'.s .“J pi.i's 4pr.ufi 


G1 

Normal (interns, etc.) . 

C'i) 

•2 

0 

0 


3 

Pernirions anemia 

n 

0 

n 

0 

0 

6 

Tuiierculosis 

4 

n 

0 

0* 

n 

1 

Mesenteric artcrv thrombosis 

0 

0 

0 

1 

n 

4 

Pancreatitis 

3 

0 

n 

1 

n 

2 

Ijouccmia 

0 

0 

0 

0 

0 

3 

Jfalaria 

1 

0 

0 

1 

1 

1 

Constrictive pericarditis 

1 

0 

0 

0 

0 

1 

Boeck’s sarcoid 

0 

0 

1 

0 

0 

1 

Pveloncpliritls 

0 

0 

0 

0 

1 

6 

Glomerulonephritis 

4 

1 

0 

1 

0 

1 

Renal dwarfism 

0 

0 

0 

1 

0 

6 

Lobar pneumonia 

3 

0 

0 

2 

1 

0 

Abscess formation 

3 

0 

3 

1 

2 

Totiil 103 


S3 

3 

4 

10 

5 

100 per cent 


70.0 

2.9 

3.8 

9.5 

4.8 


Negative, 81.9 per 

cent 






Positive. 18.1 per 

cent 






•Comnllcated by empyema or lung abscess 


It is desirable to check further Utc accuracy of the test by comparison with 
other hepatic function tests. In Taldc V is indicated the percentage of positive 
tests obtained with the cephaliii'Cholestcrol flocculation test, the hromsulfalcin 
test,* tlic intravenous hippuric acid test,! and the scrum diastase Icst.f 


Table V 


Comparison 

OF CEpHAUN-CHOLESTEROL FLOrrOIATION 

Tests 

Test 

With Other 

Liver 

Function 

NUMBEP. OF 

cases* 

PMGNOSl.S 


PER cent positive TESTS 

C(. 

r.v.uipp. 

B.S.P. 

DIASTASE 

127 

Cirrhosis 

98.5 

S3.1‘ 

89.1 

62 3 

32 

Catarrhal jaundice 

9G.8 

58.3 

50.0 

5G.G 

44 

Cholecystitis and cholebtliiasis 

47.7 

GC.7 



44.8 

40 

Chronic alcoholism 

20.0 

35.7 

GG.7 

34.3 

40 

Carcinoma of liver or biliary tiaet 

oO.O 

100.0 

100.0 

05.2 


•All four tests were done m at least 75 per cent of the cases. 


•Mateer's modification of the Rosenthal test was used’ A single blood specimen wa.s re- 
moved forty-flve minutes following the injection of 5 nig. of the dye per Ivilogram of body 
■weight. Any retention was considered abnormal. 

tA urine specimen •W’as collected exactly one hour following the injection of 1.77 Gm. 
of sodium benzoate (equivalent to 1 s Gtii. of benzoic acid) Excretion of le.cs tlian 1(1 

Gm. of hippuric acid (equivalent to 0.80 Gm. of sodium benzoate) was considered abnormal. 
$A diastase level of 60 Somogj'l units or less -was considered abnormal.’ 





10 


WADE AND RICHMAN 


With diffuse pai’encliymatous livei- disease, the cephalin-eholesterol test 
sui’passed the other tests used in the frequency with wliich supposed hepatic 
dysfunction was detected. On the other hand, the intravenous hippuric acid 
and the bi’omsulfalein tests hotti gave moi’e frequent indication of liver disease 
in the presence of discrete or focal lesions of the liver. 

A decrease in serum albumin with a compensatory increase in globulin is 
frequentlj' associated with liver disease.^'’ Obviously, loss of albumin as in 
renal disease or increase in globulin Avith chronic infection will result in similar 
serum protein patterns. An effort has been made therefore to collect instances 
of all sorts Avith disturbances of albumin-globulin ratios. Almost all cases of 
cirrhosis had albumin-globulin i-atios of less than 1 ;4. Since these cases fonn 
such a large part of this series, it is not surpri.sing that 89.5 per cent of the 124 
Avith loAv ratios had positive flocculations. It is striking, hoAvever, that 10.5 per 
cent of these had negatiA^e cephalin-eholesterol flocculation tests, indicating that 
relatiA^e increases in the globulin fraction are not nece.ssarily associated AA'ith 
a positive flocculation. CoiiA'ci’sely, 45.4 per cent of those Avith “normal” 
ratios had positiA’e flocculations indicating that increase in the globulin frac- 
tion need not occur or may be A^ery .slight in tlie presence of a positive test. 

An interesting observation, not included in Tables I 1o V, has to do Avith 
the flocculation test in pregnanc.v and in the neAvborn infant (Table VI). In 
studying jaundice of the ncAA'born infant, it aa'us noted that 66.7 per cent of fifteen 
such infants had positiA^e flocculation tests. The sera of elcA^en nonjaundiced 


Table VI 

Oepiialin-Cholesterol Flocculation' Test ik JIotiiers and Neavborn Infants 


NUJIBEE 

or DIAGNOSIS 

CASES 


negative positiat: % % 

0 1 PLUS 2 PLUS 3 PLUS 4 plus NEOATIA’E positive 


IS 

Newborn infants (jaundiced) 

1 

4 

7 

3 

0 

33.3 

66.7 

11 

Newborn infants (not jaun- 
diced) 

4 

O 

2 

0 

t.1 

0 

54.G 

45.4 

9 

Normal pregnancy (six to 
nine months gestation) 

9 

0 

0 

0 

0 

100.0 

0 

65 

Normal pregnancy (at term 
plus or minus one or two 
days) 

37 

O 

10 

.12 

1 

64.6 

35.4 


neAvborn infants also brought about flocculation of the emulsion almost as fre- 
quently (45.4 per cent). In all these infants, the flocculation test became neg- 
actiA'e in from seven to ten daj's. The sera of approximately one-third of normal 
pregnant Avomen produced flocculation of the emulsion from tAvent 3 ^-four to 
forty-eight hours prior to deliA'ciw and continued to do so for from seven to 
ten daj's folloAving parturition. In Iaa'cIa'C of thirteen instances studied, the de- 
gree of positiAuty in mother and infant ran a parallel course. More detailed 
information concerning this phenomenon has been reported elseAvliere.^"' 

DISCUSSION 

The data presented arc in general agreement Avith those published bj’' other 
investigators and therefore confirm further the usefulness of the cephalin- 
eholesterol flocculation test (Table VII). Its maximum value is apparent in 
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acute hepatitis^ catarrJinl jauiidioe, cirrJiosis, or aii.r other diffuse pareneJij’uia- 
tous disease of tlie liver. A negative reaction, however, does not exclude one of 
these lesions. Similarly a positive flocculation cannot l)e interpreted as neces- 
sarily indicating liver dysfunction in the presence of other systemic dis- 
ease.*’®’ ” As witli flocculation tests for syphilis, furtlier observation may 
clarify tliose situations in whicJi “false positives’’ may be encountered. The 
data presented suggest that in llie presence of infection, or during the piier- 
perium, a positive tost may l)e encountered witlioiit otlicr evidences of liver 
dysfunction. 

Table VII 


COMI’ARI.SON or PriU’ESTAOE OP POSITU'E CEPHALIN-CirOLESTEROr, FlOCCULATION 

Test.s Obtaixcb bv Various 1x\'estig.vtors 



c 

p 

^ e- 

5 o 1 

- 2 

u 

c 

'A 

a 

§ 

a 

W A 

A 2 

C fe* 
cs 

5 5 

o 

A, 

< 

A 

P 

E ^ 

'A 

n ^ 

Sh 

* tt 

u < 

~ u 

V 

a 

u 

A 

M 

•A 

O 

a 

'A A 

Acute liepatili^ 

1 

\ 

1 05.5 


lon.o , 

04.4 

lon.o 

100.0 

Catiirrhnl jaundice 

; p'O.n 

100.0 


100.0 

100.0 



915.9 

Cirrhosis 

Oo.O 

7S..> 

70.0 

,S.3.4 


■snEi 

Sl.S 

08.4 

Congestive failure 

20.0 

0 


40.0 


37.0 

22.3 

1 44.7 

Hemolvtic icteru.s 


0 

1 3J.3 






Normal 

1 0.2 

0 


Ha 


1 

1 

1 0 

Ob'5tructi\'o Jaundice 

— 

11.7 

17.3 


.3.15 

' 7S3 

— 

48.7 


Indeed, tlic purely empirical nature of the cej)}in]in-oliolt‘.sterol flocculation 
test Is one of its chief disadvantages. Hanger l)cliovcs tiie mechanism of the 
test to bo similar to that of the flocculation tests for syplnlis and to be dependent 
upon an altered globulin component Quantitative as well as qualitative 
changes in the serum proteins eiieountci’ed in nepliro.sis, sarcoidosis, clu'onie 
empyema, etc., are not ncee.ssarily associated willi flocculation. The parallel 
course run by the flocculation test in mother and newborn infant suggests that 
the responsible agent docs pass tlic placental harrier. Tlic occiUTcnce of positive 
tests in the presence of infectious disease as well as in the presence of allergic 
manifestations* lends some credence to Hanger’s hypothc.sis. Until some definite 
7’ationale can be established, the test will probably be of limited usefulness. 

Failure to understand the mechanism of the test could readily be forgiven 
if accurate distinction between obstructive and nonobstrnctive jaundice were 
possible, as has been claimed by several obscrvei's.^*^’ TJic experiences in this 
laboratorj' are more aldn to those of Pohle and Stewart,** who were unable to 
confirm this contention. It is indeed reasonable to expect a negative reaction 
until sueli time as obstruction can bring about secondary liver damage, but 
sti’ongly positive flocculations have been encountered during the early pliases 
of such obstruction and negative reactions after many years of repeated and se- 
vere bouts of obstructive disease. Sei*a of 48,7 per cent of the patients with 
obstructive jaundice caused flocculation of the emulsion, while the sera of 84.3 
per cent of the patients with nonobstructive jaundice produced a positive re- 

•Positive reactions have been encountered In the presence of asthma and urticaria, but 
too few instances in which liver disease can be excluded have been studied to justify descrip- 
tion in this report 
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action. Obviously one could not argue convincingly in any single instance con- 
cerning the nature of the .iaundice. 

Variations in the degree of positivity which occurred during tlie course of 
catarrhal jaundice as well as during the treatment of cirrhosis teud to confirm 
the claim that the flocculation test is of progno.slic value.'’’ “ These data will 
be reported clseAvhere. 

Conflicting reports have been published concerning the correlation of the 
cephalin-chole.sterol flocculation test with other liver function tests.^’ ” As is to 
bo expected, however, one te.st appears more useful in one situation than does 
another. No exact correlation is demonstrable. Tlie bromsvxlfalein test (Mateer’s 
modification) in the absence of jaundice gives the most consistent evidence of 
liver disease. The intravenous hippuric acid and cephalin-cholesterol floccula- 
tion tests are next most relial)le. The scrum diastase test is least valuable of the 
tests examined. 

coxcnusiOKS 

1. The eephalin-cholestcrol flocculation test is positive in 97.8 per cent of 
patients with diffuse parenchymatous liver disease. 

2. Lesser percentages of positive reactions are encountered in focal dis- 
ease of the liver. 

3. Negative reactions may be encountered in the presence of minimal le- 
sions but usually indicate the ahscncc of hepatic dysfunction. 

4. “False positives’’ occur during the coui’se of infections, in the presence 
of allergic disease, or during the puerperium or the neonatal period. 

5. No particular value can be ascribed to the test in the differentiation of 
obstructive from nonobstructive jaundice. 

6. Quantitative changes in the globulin have no apparent role in determin- 
ing the occurrence of positive reactions. 
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THE VALUE OP THE WELTMANN SERUM COAGULATION REACTION 
FOR THE DIAGNOSIS OP CERTAIN PORJIS OP 
MALIGNANT NEOPLASTIC DISEASE 

M. Wachsteix, i\I.D. 

JIlDDLETOWN, N. Y. 

W ELTMANN, in 19'30,^’ - described a simjile serum reaction which shows 
characteristic changes in various pathologic clinical conditions. If nonnal 
blood serum is diluted fiftj' times with a solution of CaCL-6 H„0, the concentra- 
tion of which ranges from 0.1 to 0.01 Gm. per 100 c.c., and is then boiled for 
fifteen minutes, it will coagulate in those tubes containing the 0.1 to 0.4 or .05 
per cent concentrations (first 6 or 7 tubes). This constitutes a normal serum 
coagulation reaction or a normal coagulation band. Under abnormal conditions 
coagulation ma 3 ’' occur iii fewer tlian 6 test tubes (the coagulation band is short- 
ened or shifted to the left) or there maj’^ be coagulation in more than 7 test tubes 
(the coagulation band is lengthened or shifted to tl:e right). Shortening of the 
coagulation band is found in exudative inflammation or in processes which lead 
to tissue necrosis in the bodJ^ The change is independent of the cause of this 
necrosis. It is also found in nephrosis. Lengthening of the coagulation band 
is found in processes which lead to fibrosis, particularh' cirrhosis of the liver, 
and in liver damage, hemoljdie anemias, and septicemias. 

The present investigation Avas undertaken to determine whether this re- 
action could help in the detection of malignant neoplastic disease in the Body 
and whether it could help differentiate between similar clinical conditions; for 
example, betAveen a neAV giuwlh and other patlmlogic changes. Theoretically, 
the coagulation band would not be clianged bj' the presence of the tumor itself 
but AvoiAld be altered bj' regressive or inflamniatorj' changes present in the 
tiTmor tissue. 

Method. — The Weltmann test was performed according to Weltmann’s origi- 
nal method. It is, however, advantageous to use calcium chloride containing 2 
molecules of water of hjxlration as suggested bj' Dees^ instead of the veiy hj^gro- 
scopic product containing 6 molecules of Avater.^ A lengthening of the coagula- 
tion band to tube 71^ is abnormal, although it has been shoAAm that this might 
occasionallj' occur in old people AAOthout obAdons reason.^ Sera from normal 
indiA'iduals sIioaa^ coagulation in 6 to 7 test tubes, as stated bj" Weltmann and 
manj" other inA^estigators. Kraemer,® hoAA'ever, found that sera from normal 
indiA'iduals gave a eoagifiation band of from 5 to 7 tubes. Although the presence 
of some kind of infection is the probable reason for the A'alue of 5 in ap- 
parentlj’ normal indiA’iduals, Ave shall in this paper designate a coagulation from 
0 to 4 as signifieantlj' shortened; a coagulation of 5 is regarded as being sug- 
gestivelj' shortened. 

Rcsidfs . — Sera of 12S patients AAdth definite evidence of malignant neo- 
plastic disease Avei-e examined. In Table I the eases are grouped aceoi’ding to 
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the organs in ivliicli tlie neoplasm originated. E.xccption is made for the last 
three groups whicli include malignant tumors comhined ivith oh.stnictive jaun- 
dice, malignant tumors in which ascites was the predominant clinical feature, 
and malignant tumoi’S in which involvement of the bones was present. 

In the control group, .sera from 300 patients with various disca.sos were 
e.vamined. Manj’ of these sera were taken from patients who liad lesions wliich 
clinically were similar to malignant neoplastic lesions; for c.xample, fibrosis of 
breast tissue, fibromyomas of uterus, etc. 

Table I 


co.u;uL.\TioN' IX xosicEr. or test tubes 


1 

N*UM- 

0 

1 

2 

3 

4 

5 

0 

7 

7V> 

ORGAN* 

BEU 


(0.067 

(0.0603 

(0-0536 

(0.0469 

<0.0402 

(0.0335 

(0.0268 

(0.0234 

or ; 


% 

% : 

% : 

9c 

% 


9c 



CASES 


CaCl, 

CaCK. 

CaCK 

CaCU- 

CaCl.. 

CaCK 

CaCh. 

CaCl-- 




2H,0) 



2H,0) 

2H.O) 

2H.O) 

2H,d) 

2H,0) 

Brain 

1 1 





1 





Larjm 

1 



1 




1 



Tln-roid 

1 





1 1 





Lung 

8 

1 


1 

1 

1 

3 1 

1 1 



Uterus 

3 






1 

1 


1 

Cervix 

i 




1 




1 


Ovan* 1 

2 

1 









Kidiie7 , 

4 

1 


i 

1 

1 ' 

1 




Esophairus i 

4 1 

1 



1 

2 

1 ' 




Stomach 

16 1 

1 1 


5 

1 


« 

1 



Ileum 

2 




2 






Colon 

19 

2 

1 1 

3 

5 

3 

1 3 

1 1 

1 3 


Rectum 

11 


1 1 

1 


4 

1 4 

1 1 



Breast 

9 


1 

1 

1 

3 

' 3 

' 1 



Gall bladder* 
Carcinomatosis 

1 

1 

1 




1 

1 


1 



and ascites 
Cases \vith bone 

11 

5 

1 1 

1 

1 1 

1 

3 

1 



1 


involvement 
Cases nith ob- 

13 

S 

1 1 

1 

1 1 


1 

1 




structive 

jaundice 

19 


1 4 

1 10 


3 

4 

5 

3 

4 

Total number 1 

12S 

lis 



' 13 

23 

29 

10 

11 

4 


Among the 128 patients suffering from malignant neoplastic disease, twenty- 
one (16.4 per cent) showed a normal coagitlation band, four (3.1 per cent) a 
lengthened, twenty-nine (22.7 per cent) a suggestive, and seventy-four (57.8 
per cent) a markedly sliortcned coagulation band. 

Among the nineteen patients in wliom obstructive jaundice was the promi- 
nent clinical feature, ten had carcinoma of tlie pancreas and three each had 
carcinoma of the gall bladder, stomacli, or bile ducts. Only three of these pa- 
tients had a coagulation hand of 4 and four a coagulation band of 5 ; the others 
had a normal or slightly lengthened coagulation band. Jaundice and hepatic 
damage tend to lengthen the coagulation hand and to counterbalance the 
tendency to the left shift which might be initiated by the presence of tiie 
tumor. The coagulation hand in these patients is tliereforc frequently normal 
or slightly lengthened. It in a case of jaundice the coagulation band is sliort- 
cned, diffuse hepatitis, which shows marked right shift of tlie coagulation hand, 
can be excluded with a good degree of probability. No help, however, is gained 
by the test concerning the etiologv- of the okstructive jamidiee, since inflamma- 
tory changes may accompany obstructive jaundice caused by gallstones as well as 
by carcinoma.* If tlie jaundice cases are excluded, a left shift in the coagula- 
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tion band was foiuid in about 88 per cent of 109 sera. Shortening was marked 
in seventy-one sera (65.2 per cent). The value of the reaction in the diagnosis 
of malignant neoplastic disease, however, is markedly diminished if the dif- 
ferential diagnosis of diseases which resemble each other clinically is considered. 
In patients with infiltrative lesions in the lung, the coagulation band will be 
shortened regardless of the underlying disease, whether carcinoma, exudative 
tuberculosis, or pneumonitis. The coagulation band, however, will be lengthened 
if the infiltration is due to a fibrosing process in the lungs. The reaction is of 
little diagnostic help in carcinoma of the breast and the female genital organs, 
since patients with inflammatoiy lesions or benign tumors, that is, fibromyomas 
with necrosis, may show a left shift in the coagulation band. This is equally 
time for the differentiation between benign fibroadenomatous and carcinomatous 
enlargement of the prostate. In carcinomas of the gastrointestinal tract, how- 
ever, a positive reaction is of diagnostic value. In patients with symptoms 
referable to the esophagus, a shortened coagulation band favors the diagnosis 
of an organic lesion as opposed to spasm. If disease of the stomach is suspected, 
a shortening of the coagulation band suggests the presence of carcinoma or ulcer 
in an active stage. In eases of hematemesis a shortened coagulation band is 
evidence against esophageal varices as the cause of the gastric bleeding, since 
in the most common disease leading to this complication, cirrhosis of the liver, 
there is usually a lengthened coagulation band. In the presence of hyperchromic 
anemia, a noi’mal or lengthened coagulation band supports the diagnosis of 
pernicious anemia, while a shortened coagulation band points to a complicating 
carcinoma. 

If the bones are involved by neoplastic disease, very marked shortening of 
the coagulation band is found. Among twelve patients, five primary tumors 
were in the prostate, three in the breast, one in the kidney) and one in the cervix ; 
one patient had multiple myeloma, and in another the primarj^ site of the car- 
cinoma could not be determined. We found a AVeltmann reaction of 0 in eight 
of nine patients in whom there was marked involvement of the bones. 

The coagulation band was found to be of aid in the differential diagnosis 
of conditions associated with ascites. If in a case of this kind the ascites is not 
a complication of renal or cardiac disease or due to tuberculosis, the most im- 
portant differential diagnosis rests between carcinomatosis of the peritoneum 
and cirrhosis of the liver. Of eleven patients examined, ascites was due to car- 
cinomatosis of the ovary in ten and to an undetermined neoplasm of the in- 
testinal tract in one. The coagulation band was 0 five times, 1 to 4 five times, 
and normal only once. In a case of sublcucemic lymphatic leueemia, in which 
ascites was the leading clinical sjTnptom, the coagulation band was 4. This was 
the first laboratoiw examination which lead to reconsideration of the diagnosis 
of cirrhosis of the liver. In cirrhosis of the liver, on the other hand, the coagula- 
tion band is usually lengthened. In nine patients in whom ascites was the 
predominant clinical s^miptom, we found coagulation bands of 8 four times, of 
71/2 twice, and of 7 twice ; only once, in a case complicated by severe inflamma- 
tory pelvic disease, proved by autopsy, was a coagulation band of 5 or 6 found. 

DISCUS.S10N 

The diagnostic and prognostic significance of changes in the coagulation 
band in different diseases has been established in a great number of eases by 
varioiis authors.^-”’ 
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The coagulation band is a nonspecific reaction. Both lobar pneumonia 
and nepiirosis, for instance, will lead to a marked left .shift. The test is useful, 
therefore, only when certain .special diagnostic or progno.stie problems are in- 
volved. This has been stressed very strongly by Teufi' and Levinson and 
Klein." Two diseases iircscnt at the same time may influence the coagulation 
band in the same direction or counterbalance each other. It is thcicforc, neces- 
sary to define the differential diagnostic problem before emjiloying the test. 
If this is done, it can be of considerable diagnostic value. 

The changes of the coagulation band in patients having malignant neo- 
plastic diseases have been investigated by several authors. Some-"’ did not 
find significant changes, while othci-s'' found a left shift in many 

of the patients e.samined. Our results agree well with this latter result, since 
G5 per cent of our patients with carcinoma not complicated b.v obstructive jaun- 
dice showed a significant shift and an additional 23 per cent a suggestive shift 
to the left. The test may he aiiiilicd, therefore, as a diagnostic procedure when 
the presence of malignant neoiilastic disease is suspected. This i.s in full agree- 
ment with Ivraemer," who feels that an.v iiaticnt having a coagulation hand of 
4 or less has cither an exudative inflammatory disease or a malignant neoplastic 
proco.s.s. The test i.s very valuable in the differentiation of organic disease from 
functional neiwous disturliaiicc. If, however, the clinical examination reveals 
the pre.senco of a lesion in lungs, breast, female genital organs, or prostate, little 
information i.s gained by this reaction, since iiitlammiitory lesions cause the 
same degree of shortcniiig of the coagulation hand. Similar fiiidings have been 
reported by Ottsen.” The coagulation band is of value in the diagnosis of 
malignancies of the stomach, especially if a pernicious nneniin-lilte blood iiicturc 
or hematemosi.s is the leading clinical manifestation. It i.s freciucntly of dhig- 
no.stie significance in iiialignaneies of the c.sophagn.s, as well as of the small 
and large intestines. The Weltniaim test is of great value in the differential 
diagnosis in patients in whom aseite-s is prc.sent provided that cardiiic, renal, and 
tuberculous disease can be excluded. Finally, in those in whom diffuse neo- 
plastic involvement of the hones is jirescnt, the coagulation hand i.s markedly 
shortened. Occasionally such shortcniiig may he found in discasc.s of the hone 
not due to neoplastic malignant disease, for c.xample, Paget’s disease with patlio- 
logie fracture, hut these are exceptions and are comparatively rare. The be- 
havior of the coagulation hand in multiple myeloma deserves some comment. 
In one instance we found a left shift to 0. Similar results have been reported 
in the literature." Pleiselihaekcr,“ on the otlier hand, described a lengthening 
of the coagulation band to 10 test tubes as characteristic for tliis disease. 

A satisfactory e.xphination for the mechanism of tliis reaction was lacking 
until recently.’' Definite prograss has been made since the analysis of the serum 
protein fractions has been made possible by the electrophoretic procedure of 
Tiselius. Changes in tlio gamma globulin were found to he responsible for the 
positive result in the colloidal gold reaction in blood and litpior and for tlie 
positive cephalin flocculation lesf.”''” Selierlis and Levis"'"* have recently 
shown that sera containing much alpha globulin usually have a shortened 
coagulation band and those with a small amount of alpha globulin usually have 
a prolonged coagulation hand. Thus it appears probable tliat changes oecuiTing 
in the qualitative composition of the scrum proteins produce the altered colloid 
Stability of the serum. 
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SUMMARY 

The Weltmann serum coagulation reaction shows a marked left shift in the 
large majority of patients with malignant neoplasm. It is suggested, therefore, 
that the test has differential diagnostic value in selected cases of suspected 
malignant neoplastic disease. This is particularly true when the lesion is in 
the gastrointestinal tract. When, however, the lesions are in the lungs, breast, 
female genital organs, or the prostate, the test is of little help in differentiating 
malignant from similar Ijenign neoplastic or inflammatory conditions. When 
ascites exists and is not a complication of previous cardiac, renal, or tulmrculous 
disease, a shortened coagulation band is suggestive of carcinomatosis, while a 
lengthened coagulation band is suggestive of cirrhosis of the liver. A very 
marked shortening of the coagulation band is also found in the majority of 
patients in whom neoplastic involvement of the bones is present. An unexpected 
shortened coagulation band, not explained by the clinical flndings, should always 
suggest that a thorough examination of tlie skeleton be made. 
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Table II 


Acute Toxicitv to Mice op Quinine and op Atabuine and Four of Its Salts 


COM- 


LDj, ± S.E.,* (OM./KG.) ACCOKDlNfi TO 

adminlstration 

route of 

POUXD 


OKAIi 

RUBCUTA* 

XEOirS 

INTKA- 

PEIilTOXEAB 

intkavbnou.s 

Quinine 

Atabrine 

Atabrine 

Atabrine 

Atabrine 

Atabrine 

Atabrine 

Hydrochloride 

Base (in oil of sesame) 
Base 

Dihydrocliloritlc 

Disulfamate 

Dilactate 

Dimetliane sulfonate 

O.SSO ± 0.017 

0.75.5 i 0.000 

0.S3S ± 0.02.5 
0.700 ± 0.010 

0.840 + 0.010 
0.900 + 0.009 
0.980 + 0.027 
0.890 + 0.011 

0.194 ± 0.008 
0.258 ± 0,005 
0.257 + 0.004 
0.218 ± 0.003 

0.020 ± 0.001 
0.02s ± 0.001 

0.0.35 ± 0.002 
0.028 ± 0.002 


's.e. indicates the approximate standard erior of tlie LDm, estimated sraphically'* and ex- 
pressed in the same units as the LD30, 


cutaneoitsly, inlraperitoneallj', and intravenously.- The te.sts were conducted 
on male albino mice weigliing- lietwecn 36 and 32 Gni. Most of the LD,-,o values 
given in Table II represent data taken on groups of from tliirty to fifty mice, 
although as manj" as ninety-six mice were used in one determination. "With the 
one exception indicated in Table II, all of the preparations were either dissolved 
or suspended in water. The actual levels of toxicity are clearl.y shown in 
Table II and need not be discussed in detail inasmuch as they confirm and 
extend the data previously published.'’ - It is noteworthy, however, that the 
dihydrochloride is more toxic by mouth than by subcutaneous administration. 
Also, for a given route of parenteral administration, the LD.-(, of the four forms 
tested is approximately the same, and a ratio of 32:8:1 holds generally for the 
subcutaneous, intraperitoneal, and intravenous routes, respectively. 

Toxicolocjic Compniison of Afahrinc Maiiufaciured by American and Ger- 
man Processes. — Specimens of phai’inaceutic grade Atabrine prepared by three 
of the four possible combinations of intermediates and processes of manufacture 
■were administered to .young adult albino rats to determine whether there was 
any difference in the acute oral toxicity. The data given in Table III indicate 
that the is the same for the three preparations. Atabrine manufactured 

by the American in-ocess from American intermediates was gi-\’en both as the 
free base and as the dihydrochloride. The free base proved to be slightl.v less 
toxic, but the difference cannot be considered significant in view of the respec- 

Table III 


Oral ToLEnA.vcE op the Albino Bat (140 to 190 Gm.) to Atabrine of 
Aiierioa-x and German Manufacture 


PKEPARA- 

TIOX 

PROCESxS 

FOR.M* 

NUMBER 
OF BATS 

LD,„ ± S.E. 
(C.M./KG.) 

1 

American process ivith Amei-ican 
intermediates 

Base 

50 

0.670 ± 0.026 

0 

American process with American 
intermediates 

Dihydrochloritle 

64 

0.628 + 0.030 

0 

German proces.s ivith German in- 
termediates 

Dihyclrochloride 

SO 

0.040 i 0.021 

4 

American proee.ss with German in- 
term ediate.s 

Dihydrochloride 

60 

0.615 + 0.037 

5 

Combination of preparations 2, 
and -i 

Dihydrochloride 

204 

0.015 + O.Olo 

♦All dosages were given on basis of anhydrous compound. 
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five standard errors. Tliere is no question of a difference in toxicit.v in tlie 
three samples given in tlic form of the diliydroeliloridc nor of tlie eqnalit.v of 
their toxicit.v with that of a combination of all three. 

The three specimens of Atahrine were administered orally to dogs, six 
dogs receiving each specimen. The dogs ivcighcd from S to 21 kg. and were 
given 25 mg. of Atahrine per kilogram of body weight three' hours prior to 
feeding on each of three suece.ssive days. The animals were carefnll.v watched 
for tlircc honr.s after dosing for the dcveloiiment of .symptoms of intolerance 
and to observe whether the drug was retained. All of tlie animals appealed to 
he nauseated to some extent and Dogs 3 and 12 vomited after eating on two 
days. The dogs suffered from a .slight to inodcratc anorexia so tliat a 5 to 10 
per cent weight loss occurred due to a decreased food and water intake. Each 
of the animals was sacrificed twenty-four hours after the last dosage and 
autopsied. No gross or histologic ahnormalities due to medication were demon- 
strable. The heart, liver, lungs, s|)lecn, and kidne.vs were removed and anal.vzed 
for Atahrine. The analytic data obtained arc iircsented in Table IV. 

Included in Table I\’ are the data on the two dogs which vomited part of 
the Atahrine given. A third dog (Dog 4) showed sneh marked diarrhea that 
absorption must have been impaired. Since it is probable tlint tliis accounts for 
the relatively low Atahrine content in the various tis.sucs analyzed, these data 
have not been included in the averages. 

' The analytical data present several points of interest. It is clear that the 
three different lots of Ataiirinc arc stored to the same extent in all the organs 
examined. Hence the amounts of Atahrine recovered in these organs, expressed 
as the percentages of the total dose given, are the same for all three lota. The 
average recoveiy in the wiiolc scrie.s, with the exceptions noted aliovc, ivas 17 
per cent of the dose given in the three-day com-se of medication. The compara- 
tive affinity of liver tissue for Atahrine is well demonstrated. Three-fourths of 
the drug recovered was found in this organ, thereby demonstrating strikingly 
that the liver is the liody’s principal depot for Atahrine. 

In addition to the acute experiments reported on rats and dogs, a growth 
experiment was carried out on ducks. The duck regurgitates substances having 
a local iiTitant action or a disagreeable taste. As a consequence, the LD.io 
in acute experiments could not he determined on normal ducks, and the possi- 
bility of ligating the esophagus was not explored. To determine the effect on 
growth, groups of ten or eleven young Pekin ducks, averaging 100 Om. in 
weight, were segregated in false-bottomed cages and were fed a growtli mash 
diet in which was incoi'iiorated a concentration of 0.005, 0,02o, or 0.125 per 
cent (calculated as the anhydrous compound) of the three specimens of Ata- 
hrine. The two lower dosages closely approximate the dietary drug levels used 
in routine screening tests of Atahrine against experimental Plasmodium lophunw 
infections in the duck and represent the levels which are effective from a 
therapeutic and curative standpoint The medication was continued for thirty- 
five days. For purposes of comparison, quinine sulfate was given to similar 
groups of ducks at levels comparable from the cliomothcrapentic standpoint. 

Figs. 1, 2, and 3 repre.sent the average weights of the ducks throughoul 
the experiment. The growth curves for the three different Atahrine specimens 
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are indistinguishaljlc on the two lower dosage levels. The growth curves for 
the groups receiving 0 125 ]wr cent Atabrinc indicate that the specimens pre- 
pared from the imported intcrmediate.s were tolerated le.ss satisfactorily than 
that from domestic sonrce.s. Only two deaths resulted in tlic group of ten 
dncl« receiving tlie latter at this level, indicating further that tliis product was 
significantly less toxic than the Atabriiie prepared by either lu'ocess from im- 
ported intermediates. The odds arc more than 100:1 against oliserving hy 
chance six or more deaths in a gronji of ten when the true expectancy is only two. 
As may he noted from h'lgs. 1 and 2, six and eight deaths, respectively, were 
observed in the two groups receiving Afabrine from imported intermediates. 




Fie* 2. — Influence of Atabilne on the growth 
of Oucka : American process with German 
intermediates 


The results obtained in the parallel quinine sulfate gi-owth test are pre- 
sented in Pig. 4. Since on a weight basis quinine is only one-half as effective 
as Atabrine in clearing experimental Plasmodium lopJtwac infections in ducks, 
the concentrations of quinine used were twice those chosen in the Atahi me diets. 
The growth curves for the three levels of quinine agree very well with tlie 
corresponding curves for the Atabrine of American process and American 
intermediates, except that two deaths occurred on the highest concentration of 
tile Atabrine. 

The toxicologic data thus obtained on three species of animals show con- 
clusively that if there is any demonstrable difference in these specimens of 
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Atabrine, the advantage is in favor of that niannfaetnred by the American 
process from American intermediates. 

The Deposition and Detention of Atabrine in the Tissues of the Rat. To 

determine the distriliution of Atabrine deposited following a single laro-e dose 
male rats weighing fi.om 400 to 450 Gm. were fasted eighteen hours and tlien 
given 675 mg. per kilogram of body weight by stomach tube. The survivors, 
constituting about 40 per cent of those given this dose, were sacrificed in 
groups of three to nine rats at 4, 8, 24, 48, 72, 320, and 240 hours after dosing. 
The organs and gastrointestinal contents listed in Table V were removed and 
analyzed for their Atalirine content. In actual amount, the liver showed more 



Fig. 3. — Influence of Atabrine on the Fig. -4. — Influence of quinine on the growth of 

growth of ducks ; American process with Anieri- ducks, 

can intermediates. 


than that found in all the other organs examined; the total amount recovered, 
however, was but a fraction of that given. Tlie data indicate that the Atabrine 
concentration of the liver and spleen increases during the first eight to twenty- 
four hours and then decreases. The rate of disappearance is not tlie same for 
all organs, the indication being either that the mobilization of the deposits in 
the liver and spleen tends to keep the other tissues saturated or that the latter 
have a greater relative affinity for the drug. 

Deposition of Atabrine in Various Organs During and After Chronic 
Medication. — To determine the degree of Atabrine deposition, vithont disturb- 
ing the course of the experiments illusti-ated in Pig. 1, a second experiment was 
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Table V 


Amount and Concentration ok Atabrikb in Rats After a Sinijle Dose of 
075 MO. per Kilooram Oralt.y. 





AMOUNT 

(MG.) 



CO.VCENTR.mON (MO./G5I.) OF TISSUE 

1 OR OASTROINTESTINAL OoNTENT.S 



HOURS AFTFR MET)ie.\TION 



HOURS AFTER MCDICATJON 



4 

8 

24 

48 

72 

120 

240 

4 

8 

24 

48 

72 

120 

240 

Liver 

LSI 

2.45 

1.05 

1.31 

0.70 

n.7.3 

0.52 

0.13 

0.10 

0.10 

O.OS 

0.04 

0.04 

o.o;: 

Kidnevs 

0.22 

0 10 

0.2G 

O.IS 

0.14 

0.11 

0.04 

0.07 

0.07 

0.07 

0.00 

O.Oj 

0.04 

0.01 

Lungs 

0.21 

0.10 

0.18 

0.12 

0.12 

o.in 

o.o:; 

0.08 

0.08 

0.06 

0.05 

0.04 

0.03 

o.m 

Spleen 

0..19 

0.01 

0.1.3 

0.10 

0.00 

0.00 

0.03 

0.00 

O.IG 

0.22 

0.10 

0.12 

0.09 

0.04 

Heart 

Stomach 

0.04 

0.04 

0.04 

0.02 

0.02 



0.02 

0.03 

0.03 

0.02 

0.02 



(empty) 

0 04 

0.04 

0.04 

0 02 

0 01 



0.03 

0.02 

0.03 

0.01 

Trace 



Stomach 

contents 

Intestinal 

2.flG 

0.80 

0.75 

O.OG 




0.42 

0.22 

0.22 

0.04 




contents 

Cecal 

0.80 

0.53 

0 30 

0.15 




0.21 

0.14 

O.OS 

0.05 




contents 

0A.5 

0..30 

0 33 

0.11 




0.12 

0.10 

0.0.3 

0 02 





set up, usinpr from 4o to 50 Gm nuilc rats in jjroups of such size that from five 
to ten animals eould be saorifioed at intervals after the daily drii*; dosage was 
discontinued. Tlirce such jrroups of animals received Atalirinc by stomach 
tube daily for forty-nine days in do.saRes corres])ondinjr respectively to 2 5, 5, 
and 10 per cent of tlie LI)< 5 «» for rats of this age and weight. A fourtli group 
received 20 per cent of tlic LDw, for only five days. Tlie ti.ssue Alabrinc 
analyses were carried out by the procedure descrilicd l)y Heeht * Blood con- 
centrations wore detennined by a photofluorometric mctliod.*^ 

The results obtained l)y cliemieal analyses of l)lood and liver at the indicated 
intervals are illustrated as moans in Table VI. Tiie data indicate that a sig- 
nificant blood concentration was maintained in the rat as long as Atahrinc 
deposits existed in tlie liver. Tliose deposits disappeared rapidly and ap- 
proaclicd zero by from forty to sixty days after discontinuance of medication. 


Tabi r VI 

Mean Atabbine Concent k.\tion of Blood a.nd I.iykr of R\ts 


daily 

DOSE 

(M(!./K0.) 

DAYS 

OF 

.MEDICA- 

TION 

'J OT,^ L 

DOSE 

(0M./K<..1 

NUMBER 

OF 

1 j;ats 

DAY 

SAURIFIcni) 

LIVER WT. 
(OM.) 

LIVFK 

ATABRINE 

(MG./tiM.) 

BLOOD 

ATABRr.VE 

(7/ 

100 r.r.) 


40 

1.10 

8 

oOtli 

0.90 

O.OS 

2o 




S 

r>4tii 

11.00 

0.002 

3 




8 

7StU 

11.56 

Trace 

Negative 


40 

2 20 

0 

oOth 

9.15 

1.62 

50 




0 

61st 

10.6:5 

0.05 

5 




7 

78 th 

10.00 

0.026 

0-30* 




7 

90th 

11 71 

0.004 

Negatne 


49 

4.40 

7 

50th 

12.17 

4.58 

300 




S 

fUtli 

0.64 

2.00 

30 




7 

71st 

11.45 

0.82 

26 




5 

92tid 

11.47 

0.106 

6 




{) 

106th 

11.83 

0.007 

,3 


- 

O.UO 

10 

nth 

2.4.5 

1.2.8 

580 




0 

13th 

.3.20 

0.62 

260 




0 

20th 

4.80 

0.24 

Trace 




0 

27th 

6.16 

0.016 

Ncgati\e 




9 

34th 

6.36 

0.004 

Negative 


•5, negative. 2. 5 to 10 v/lOO cc. 
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Gross and microscopic examinations were made of the tissues of all animals 
in the chronic groM'th studies. The findings on necropsj^ of animals fed daily 
dosages of 5 per cent or less of the LDco were insignificant. However, the 
following description was typical of the liver of those receiving 10 per cent 
of the LDco. 

Liver: Markedly enlarged, discolored, highly pigmented with Atabrine; lobules very 
prominent in from 25 to 30 per cent of the organ. The coloring shaded from dark reddish 
blue or greenish purple to dirty yellow at periphery. Two areas, 1.5 by 2 cm., were necrotic; 
adhesions to diaphragm, stomach, intestines, and right kidney. Large yellow masses were 
deposited in liver. In volume such deposits represented one-fifth to one-fourth of the entire 
organ. 

These deposits represented necrotic liver tissue and Atabrine. However, 
analysis indicated that the Atabrine content of liver tissues of relatively normal 
gross appearance was not greatly different from that of the cheeselike yellow- 
green necrotic areas. The Atabrine content of grossly normal, hut strongly 
colored, liver tissues from selected animals of those given 4.5 mg. per kilogram 
Saily was 1.25 mg. per gram ; the corresponding value from necrotic areas 
was 1.22 mg. per gram. Of those animals given daily 90 mg. of Atabrine per 
kilogram of body weight, the corresponding values were 2.33 and approxi- 
mately 4.2 mg. per gram. 

It appears, therefore, that Atabrine deposits in the liver of tlie rat under 
the conditions of these tests exist lai’gely in the form of organic acid salts and, 
to a limited extent only, in the form of the base. The other typical pathologic 
changes were as follows; 

Kidneys; Greatly enlarged, mottled with minute yellow granules, and deposition in 
tubules. Bight kidney frequently adherent to liver. Left kidney free. 

Adrenals; Enlarged about two to four times normal size and deeplj’ pigmented with 
Atabrine. 

Syleen; Very greatly enlarged. Yellow tinted. 

Heart; Moderately enlarged and tinted yellow. 

-Lungs: Deep yellow tint. 

Bones; Soft and yellow colored. 

Gastrointestinal Tract: Deep yellow color. , 

Shm: Deep yellow color. 

Such changes and the marked deposition of Atabrine just described largely 
disappeared from fifty to sixty days after discontinuance of heavy medication. 

Influence of Chronic Medication with Large Doses of Atahrine on the Blood 
Picture. — Yttge'^ observed a marked increase in the reticulocyte count in 
twelve children within a week after the beginning of therapy of tropical 
malaria with Atabrine and Plasmochin. Steinberg” noted no morphologic or 
physicochemical changes in the blood after a more or less length.y period of 
chronic medication with dosages within a therapeutic range. Large doses 
caused unimportant reductions in red eell counts and hemoglobin values, and 
hemolysis or formation of methemoglobin was not obseiwed. Hecht confirmed 
the observations of Steinberg experimentally and also reported that the reticulo- 



ruARJiAcoi.ony of atabhine on mice, rats, ducks, and dogs 


29 


endothelinl system of the norma] dog, or oi other animals, after piroplasmoses 
infections was unaffected by Atabrine. 

Siegenbeek van Hcnkeloin''’ observed tliat in acute tropical malaria, patients 
with hemoglobin values above 60 per cent showed a slight decrease and those 
with lesser values showed a slight improvement with Atabrine therapy. 
De Langen’® observed that Atabrine and quinine somewhat diminished the 
regenerative powers of the blood s.vstcin of previously barbitalized rabbits 
rendered acutel.v anemic b.v hemolysis or chronically anemic b.v blood letting. 

In this study hematologie examinations (red and white cell counts, hemo- 
globin values, and differential counts) were made at weekl.v intervals on adult 
albino rats which were being given daily 5, 10, or 20 per cent of the acute 
oral LDon. No significant effect of Atabrine on the red cell, white cell, or 
differential counts or on hemoglobin values was noted. However, the differential 
counts of tlie medicated animals deviated slightly from the normal as indicated 
bj' an increase in the pol.vmQr]>honuclcar and basophilic cells at the expense 
of the lymphocytes. The significance of this shift is open to question. 

T/ic Influence of Continued Ingestion of Atabrine on the Growth of Rats . — 
■Wright and Lillie' obsen-cd the effects of progi'cssivcly increased doses of Ata- 
brine on the growth of rats weighing from 114 to 118 Gm. and examined the 
vital organs for histologic changes. They observed that large doses diminished 
the growth rate and resulted in more or less extensive histologic changes in 
the liver, spleen, and other organs, such as those described, but doses of 30 
mg. per kilogram (apiiroximntely 5 per cent of the acute oral LDco), given 
daily for one week, did not retard growth and the organic changes were either 
slight or absent! Because of the importance that Atabrine has assumed in 
replacing quinine in treating malaria, it appeared advisable to obtain additional 
data on this point. 

Male rats weighing from 45 to 55 Gm. were maintained on a regular stock diet 
in individual false-bottomed wire cages. Atabrine was given six times weekly 
by stomach tube according to the dosage schedule .shomi in Fig. 5. On Saturday 
and Monday one-half again as large a dose was given to compensate for omitting 
a dose on Sunday. Groups A, B, and C each consisted of fifteen animals, 
whereas twenty were in Groups D and B. The doses given rats in Groups 
A, B, C, and D represented, respectively, 1, 2, 5, and 10 per cent of the LDoo 
for rats of this size. Inasmuch as it has been observed that rats weighing 
more than 100 Gm. arc more sensitive to Atabrine, the daily dosagh was 
i-educed after the twenty-first day of the c.xperiment, when the rats had attained 
an average weight of about 100 Gm., in order that the daily dose would main- 
tain approximately the same relation to the acute LDco. Twice weekly the 
animals were weighed and the dosage was adjusted to the new body weight. 
The growth cuiwes are shown graphically in Fig. 5, in which an adverse effect 
on the growth of the animals in Groups C and D in comparison with that of 
those in Groups A, B, and B was already evident at the fourth day. At this 
point Groups C and D were divided and one-half of the rats in each group 
received 2 mol. of sodium bicarbonate for each molecule of Atabrine given 
thereafter. 
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Inspection of the growth curves indicates that the rats in. Group A, re- 
ceiving the lowest dosage of Ata])rine, grew as well as or better tlian those in 
Group E, the controls, which grew less rapidly at first hut maintained a steady 
rate of growtli until tlie end of the exjjei'iment. The rats in Group B grew 
at a steady rate but Ijy the end of the experiment appeared to he losing ground 
in comparison with the controls. The sodium bicarbonate supplements did not 
influence the toxicity of the Atabrine which was sufficient to retard the growth 
of the rats in Group C considerably and that of those in Group D markedly. 



SUMMARY AND CONCLUSIONS 

1. Data on the physicochemical characteristics of eight salts of Atabrine 
are presented. 

2. When given hy mouth to mice, the toxicity of Cjuinine dihydrochloride, 
Atabrine base in water, Atabrine base in oil, and Atabrine dihydrochloride 
increases in the order named. The latter Avas only 25 per cent more toxic than 
quiniiie. The acute toxicity of four salts of Atabrine Avas determined in the 
mouse by three diffei'ent routes of administration. 

3. Atabrine manufactured by the American proce.ss from American inter- 
mediates AA-as no more toxic to the rat than that manufactured from German 
intennediates by either the German or American process. The three specimens 
AA'ere deposited to the same extent in the tissues of dogs. While the effects of 
the three specimens on the grOAvth of ducks Avere not different, the Atabrine 
from American intermediates produced significantly fcAver deaths than those 
from German intermediates. Quinine sulfate, in doses comparable to those of 
Atabrine in chemotherapeutic efficacy, retarded groAvth to the same extent as 
Atabrine but did not cause aii}- deaths. 
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4. Stiidios ill wliieli rats were given a massive dose of Atalirinc )>y nioutli 
show that iiigh eonconh’afions ace reaeiied in the tissues, and especially tiie 
liver, during the first eight houi’s and thereafter the amount of drug decreases, 
])Ut measurable quantities still are pre-sent ten da 3 's after dosing. After fort,v- 
nine dn.vs of continuous administration of lai'ge doses, the livers of j'oung rats 
showed a deposit of 4.58 mg. of Atahrinc jier gram of tissue and the blood level 
was 300 y per 100 c.c. Detectable amounts were still present fiftj'*six daj's 
later. Pathologic examination showed that the injuries to the liver and other 
visceral organs resulting from large doses of Atabrine healed markedl.v during 
tlie two montlis after medication was discontinued. 

5. The effect on the growth of rats of daily administration of Atabrine for 
seveutj’ day.s was determined. At levels above 2 per cent of the acute LDco, an 
adverse effect on growth was demon.strated. Sothum bicarbonate did not amelio- 
rate the effect. 

G. Continued admini.sti’atmn of Atahrinc had no significant effect on the 
blood of rats. 
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EFFECT OF THE ORAL ADMINISTRATION OF THYMOL ON 
EXPERIMENTALLY INDUCED TUBERCULOSIS 


Ralph McBurney, M.S., M.D., M.P.H., Louise Cason, M.A., 
AND H. B. Searcy, M.D. 

University, Ala. 


I N A previous paper, Searcy, McBurnej', and Rowe’^ piiblislied a preliminary 
report of tlie results obtained with the clinical use of thymol as a therapeutic 
agent in six selected cases of pulmonaiy tuberculosis. During the course of its 
clinical trial, we were engaged in determining a like effect of this agent upon 
tuberculosis experimentally induced in guinea pigs. The results of these in- 
vestigations arc set forth herein. 


The report of the clinical application of tlij'mol on human beings preceded 
the findings on experimentally induced tuberculosis because opportunity for 
clinical trial was presented before completion of the latter, which even then gave 
evidence of prolonging the life of infected animals. Because of successful oral 
administration of thymol in the treatment of actinomycosis b.y Myers and 
Thienes,“ Searcy and McBurney,* and Joyce^ and the report by Barnes* of its 
use as an antiielmintic in Siam, with only two deaths among 82,000 treated 
individuals, no untoward results were anticipated. 

In 1914, Perlman, Brown, and Raiziss* reported the use of thymol, menthol, 
and thjTuol-menthol combined as therapeutic agenls against experimentally pro- 
duced tuberculosis in guinea pigs infected with a virulent strain of bovine 
tubercle bacilli (Ravenel) by intramuscular injection of 0.4 c.c. of a 5 per cent 
solution in peanut oil. 

Preliminary to our investigation, considerable work was entailed in the 
selection of the strain of organism, medium for growth, type of solvent for the 
thjmol, and route of administration. A series of experiments, in which thjmol 
in olive oil was administered intraperitoneally, gave rise to the formation of a 
profuse serous peritoneal exudate, resulting in tlie death of animals before 
evidence of tuberculous infection was established. This procedure was there- 
fore discarded. 

In all investigations the strain of Mycobacterium tuberculosis used was of 
human origin, isolated by us from the sputum of a patient with well-established 
pulmonary tuberculosis, and designated as strain J.* After manj' trials. 
Holmes’* medium was found best suited for groivth, it being jirofuse and 
coarsely granular within three to four weeks. 

Animals used were fully grown, healthy guinea pigs selected regardless of 
sex. Inoculations consisted of saline suspensions given subcutaneously in the 


inguinal region. 

From the Department of Dacteriology-Pathology, School of Medicine, University of 
Alabama. University. Ala., and The Searcy Clinic, Tuscaloosa, Alabama. 
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PatliO"eiiieify of t)io sti'ain of Mi/cobactcrium tiihcradosis, using 1 mg., was 
determined siniultaneonsl.v in eight animals; 75 and 100 per eent sneenmbed in 
six and eight weeks, rcspeetivcl.v. Autopsy revealed gross and inieroscopic 
evidence of marked infection. 

1 — Weeks — 


lo IS 20 2.5 SO 



1 2 3 4 S « T 8 9 lO tt t2 tv 15 tb 17 la Id 20 21 22. 23 2A 2S £6 

Wce'k.s 5tjrTiVsil 


*Onc pig gave birtli to two young. 

Fig. 2. — Average weight curves of three groups of tested animals. A, Infected ; thymol. 

B. Infected, untieatcd C, Noninfected, thymol only 

Tliymol medication c.xpcrimeiits were also rarried out on twelve animals 
receiving 1 mg. each of tubercle haeilli. Dail.v oral doses of thymol' in olive 
oil were given in amounts which eorrc.spondcd lo 10 gr. per 100 pounds of body 
weight. This was easily admini.stcrcd by means of a tuberculin .syringe without 
needle. No therapeutic effect was observed. 


■Merck's chemically pure 
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An experiment using a larger close of thymol and a smaller dose of or- 
ganisms was next performed. Twenty animals n'ere arranged in three groups, 
I, II, and III. Those in groups I and II were inoculated with 0.0005 mg. of 
culture J, the amount used by Feldman, Hinshaw, and iloses® in their study 
of the effect of promin (sodium salt of P,P'diamino-diphenyl-sulfone-N,N'-dex- 
trose sulfonate) on experimental tubei’ciilosis. 

Animals in group III received no inoculation but were designated as a 
normal thjunol control group. Thymol medicatioic was given tlie pigs in this 
group simultaneously with those of group I ; namely, one week following inocu- 
lation with tubercle bacilli. The amount of thymol used corresponded to 15 gr. 
per 100 pounds of body weight. 

The animals in all three groups, were distributed in large, well-aired, open 
cages as follows ; 

Group I (inoculated), 10 animals, tliymol medication 

Group II (inoculated), 5 animals, no thymol 

Group III (normal thymol control), 5 animals, thymol only 

All animals were well cared for, being given fre.sh cvater, oats, alfalfa hay, 
and fresh green vegetables daily. They were weighed one week prior to the 
experiment and at the end of each week during the experiment. Weight curves 
are shown in Fig. 2. 

Results are shocvn in Table I and are expressed as the percentage surviving 
at the number of weeks indicated. This is likewise graphieally portrayed in 
Fig. 1. 

Table I 

Per Cext Survival op Animals in Three Groups 


■WEEKS FOLLOWING INOOITLATION | 
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per cent survival 

Group I i 

Infected; thymol 

Group II 

Infected; no thymol 

Group HI 

Normal thymol controls; 
tluTiiol only 

90 

75 

* 

25 

70 

0 

00 

50 ' 

J 

30 

20 

100 

] 

50 

20 (K) 

50 (K) 


•Death of one animal due to intestinal obstruction. Histologic sections showed chronic 
bronchitis and acute pneumonitis with no evidence of toxicity attributable to thymol. 

(K), Killed. 


GROSS PATHOLOGY 

Autopsies were done on all animals. Witli two exceptions there was little 
difference in the gross appearance between tlie animals receiving thymol and 
those not receiving it. Generalized tuberculosis involving lungs, liver, spleen, 
mesentery, and inguinal hmiph nodes was evident in the guinea pigs in groups 
I and II. Acid-fast stains made from lesions were posith’e. 

Of the two exceptions, only a few small tubercules were seen in one area 
of the spleen in one instance and a single minute tuberculous abscess in the left 
inguinal region in the other. Interestingly, these two were treated animals 
sundving the length of the experiment and were killed at the end of the twenty- 
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cij^hth ■week. In view ol' k>'oss findings noted in the iinimals in tlic inoculated 
groups, liistologie sections were not made. Tn the pigs in group III, tlie thjnnol 
control group, no gross ))athology was evident. 


1 1 LSTOPATIIOLOG 

Histologic sections were made of the tissues of tlic four remaining animals 
in group III, who received tliyniol only, witli the following findings: In the 
lungs of three there was slight active liypcreniin; in one, slight edema and 
passive liypcremia. Tlie liver of two showed moderate fatty changes; one, se- 
vere fatty changes, and one was normal. All showed a few phagocytes con- 
taining hemosiderin in tlw' spleen. In the kidneys of two, ihove was slight 
active hyperemia; in one, slight tiilnilar degeneration and hyperemia of the 
interstitial tissue; and in another, marked cloudy swelling of the tubules. Heart 
and suiiraronals of all four were api)arcntiy normal. 

With the e.xeeption of the one animal in this group that died during the 
sixtli week of intestinal olistruction. who.so lung section showed a chronic 
bronchitis and an acute focal pncumoniti.s, the remaining four pigs showed 
evidence of a moderate degree of <lamago evidently due to tlic toxic action of 
continuou.s and prolonged tliymol medication. 

WRKIIIT Ct;RVR.S 

Curves A, li, and C in h'ig. 2 show the average weekly weights of encli 
group of animals in the experiment. The animals in cacli group gained weight 
the first few weeks. Since environmental eondition.s and diet were carefully 
controlled, the gain may ho attrilmted to these factors. Following this initial 
gain the three curves present an interesting compai’ison. Curve A, represent' 
ing infected animals receiving tiiymol, mainlains a fairly constant or level curve. 
Curve B, representing infected animals untreated, shows a decline, whereas 
curve C, rcprc.Hcnting noniiifectcd animals receiving thymol only, steadily riso.s. 
Fluctuations or drops in each curve occur prior to death, which was preceded 
by a loss in weiglit of the animal. 


DISCUSSION' 


Only 25 per cent of the animals receiving no medication (group II) were 
living at the end of tlie fourteenth week and none the fifteenth. 

Of the animals in group I, receiving organisms and medication, 90, 70, 60, 
50, 40, 30, and 20 per cent were living at 6, 15, 18, 20, 21, 23, and 2S week's, 
respectively, folloAving inoculation. Twenty per cent of the treated infected 
animals survived tweiity-eiglit weeks, which was 86.7 per cent longer than the 
untreated animals receiving .similar doses of the organisms. The surviving 
animals may have lived longer but were killed at the end of the twcnty-ciglith 
week. 

When all of the infected untreated animals had died from evident tubercu- 
lous lesions, 70 per cent of the infected animals receiving thymol were living and 


*\Vf^ tn pvnre«?s our thanks to Dr. Jasper D. Bush and Dr. JIark C. mieclock, Asso- 

cKte amf Assistant mofe'!°or respectwel>. Department nC Bacteriology-Pathology. School of 
Medicine UnfvIrsUv of AlXinm. foi the examination of and report on the hytologic spcci- 
mcn^; and Mrs. nSe Bush, of the Department of Pathology, for their preparation. 
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apparently well. At this time 100 per cent of tlie thymol control animals wei'e 
likewise living and apparently well. 

The average longevity of the animals in each of the three groups is given 
in Table II. 

Table II 


GROUP 

DESCRIPTION 

WEEKS 

DAYS 

I 

Infected ; thymol 

18.7 

(130.9) 

ir 

Infected; untreated 

11.0 

( 81.2) 

III 

Noninfected ; thymol 

27.0 

(189.0) 


Comparison of the figures in Table II reveals the following: 

Infected animals receiving thymol lived 38 per cent longer tlian those 
receiving no thymol. 

Noninfected animals receiving thymol lived 30.7 per cent longer than in- 
fected ones receiving tlnnnol. 

Noninfected animals receiving thymol lived 57 per cent longer than in- 
fected ones receiving no tliymol. 

Wliere we employed 0.0005 mg. of a human strain of the organism, Pearl- 
man, Brown, and Raiziss® used one-tenth as mncli (0.00005 mg.! of a bovine 
strain. Three days following inoculation Avith the enltnre, they gave an initial 
dose of thymol intramuscularly. At five-day intervals, subsequent doses Avere 
given alternately in the right and left thighs. This Avas folloAved by a rest 
period of tAvo Aveeks after the fourth injection. The average longevity of three 
groups of treated animals Avas nincty-tAA-o days, Avhile that of a similar group 
of untreated ones Avas eighty-tAvo days. The average longevity for the tAvo 
methods is shoAvn in Table III. 


Table III 


Aa'erage Loxgea'ity (Days) 



MO BURNEY, CASON, AND 

PERLJrAN, BROWN, AND 


SEARCY 

RAIZISS 

Infected ; tlu-mol 

130.9 

92 

Infected; untreated 

81.2 

82 


While the dosage of our human strain was ten times that of the bovine 
strain of Perlman, BroAvn, and Raiziss, apparently they Avere equalb^ pathogenic 
for guinea pigs, if the time element alone is considered. 

It is of interest to note that in comparing single dosage of tliAunol, both 
correspond, being equiAmlent to 0.3 gr. per kilogram of body Aveight. Consider- 
ing the A’ariation in frequency of medication and route of administration, the 
average life of infected animals rcceiA'ing daily oral doses in our experiments 
AAms 42 per cent longer than those receiving alternate intramuscular injections 
at five-day intervals. 

Had Ave used a dosage of our human strain corresponding to the bovine 
strain of Perlman, BroAvn, and Raiziss, it is not improbable that the average 
life of our treated animals have been much greater. This might Avell be the 
case if expeilmentally produced pulmonary le.sions could be treated. 

An interesting and striking fact is portrayed in the AA'cight curves (Pig. 2) 
Avith rc.spect to the animals in groups A (infected; receiving thymol) and C 
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(noninfectcd; receiving thymol only). Both show a parallel weight gain be- 
ginning the fourteenth week, at which time medication was given every other 
day instead of daily. This may indie.atc that while th.vmol medication was ap- 
parently responsible for the longevity of the guinea pi.gs in the infected group, 
an even greater interval between dosage might have been more effective. Such 
an hypothesis forms a basis for experiments now under investigation. 

It is difficult to interpret the therapeutic effects of any drug used in ex- 
perimental tuberculosis in terms of the pnlmonaiy form on human beings, since 
so man.v uncontrollable factors enter the picture. 

Experimental results obtained in guinea pigs represent the effect upon a 
widely disseminated infection, whereas it would appear that any hope for suc- 
eesstul medication in human pulmonary tuberculosis depends upon treating 
earl.v cases. The results we obtained with thymol medication in infected 
guinea pigs, wherein the average life of treated infected animals was nearly 
fifty days longer than that of the untreated ones, might be comparable to a 
marked span of years in man While it is probable that oral thymol medication 
in early pulmonary tuberculosis, if of any therapeutic value, may not act 
spccificall.v, it might result in arresting the disease to the extent that ,systemio 
treatment and natural body defenses would become more effective if used in 
conjunction with the time-honored methods employed by clinicians generally. 
This is mere conjecture and may be determined only by well-controlled clinical 
trial. 

While it is true that some pathologic changes occurred in normal animals 
receiving thymol, it was mild in degree, the kidneys being more involved than 
other tissues. Apparently the toxicity evidenced by thjnnol in these experi- 
ments is far less than that manifested by certain sulfonamide compounds, es- 
peeially when dosage is not adequately controlled. 

Daily doses of 5 gr. of th.vmol, three times daily, given throughout a period 
of seventeen weeks to six patients with well-advanced pulmonary tuberculosis 
reported by Searcy, McBurney, and Rowe* exhibited no clinical manifestations 
of toxicity, and repeated urine e.xamination failed to show evidence of kidney 
involvement. 


Later clinical reports* on these patients showed that one died a year fol- 
lowing treatment and another, four months following treiStment from “far- 
advanced pulmonarv tuberculosis.’* One was discharged home a year follow- 
ing treatment in “good condition” and has not been hoard of since. Of the 
remaining three, fifteen months following treatment the disease was diagnosed 
“arrested” in two and “probably arrested” in the other. These cases were too 
few and the disease too far advanced to form a basis of conclusion. Hinshaw 
and Feldman” caution against hasty clinical evaluation of any therapeutic agent 
in human tuberculosis. They call attention to the tendency of manj’ forms to- 
ward steady improvement without treatment. With equal emphasis they state 
that equal care must be taken lest some treatment be discarded prematurely. 


•Information furnished thrj 
State Hospital, Mt Vernon, Al 
Copies of reports of x-ray exam 
Partmont of Health, Division of 


Dr. Harry S. Rowe, Searcy 
_ iml who likewise submitted 
by the Alabama State D*— 
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SUMMARY' AKD CONCLUSIONS 

From the foregoing experiments it is evident that daily oral doses of 10 
gr. of thymol per 100 pounds body Aveight produce no inhibitory effect upon 
massive doses (1 mg.) of A’irulent human strains of Mycohactenuvi txiherculosis 
in guinea pigs. However, Avhere 0.0005 mg. of the organism is employed, 15 gr. 
of tliAunoI per 100 pounds of body Aveight exert a mai-ked inhil 3 itor.y action as 
indicated by prolongation of the aA’erage life of animals so treated, nearly fifty 
days longer than those untreated. 

When infected and noninfected animals Avere given similar oral doses of 
thymol on alternate days, their aA'crage Aveight gain Avas greater and more con- 
stant than Avhen similar doses Avere giA’en daily. 

There Avas A’ery little diffei'ence in the gross lesions, produced by the or- 
ganisms, betAA’een the treated and untreated animals. HoAA'ever, fourteen Aveeks 
folloAving inoculation, Avhen all control untreated animals had died from gen- 
eralized tuberculosis, 70 per cent of the treated animals Avere living and ap- 
parently Avell. 

The daily oral dose employed, Avhen given concurrently to a like group of 
normal guinea pigs, shoAved no observable evidence of toxicity throughout 
tAventy-six Aveeks of treatment, since 100 per cent Avere living and apparently 
AA'ell at that time. Fifty per cent died during the tAvent.A'-seA'enth Aveek, tlie 
remainder being killed at the end of the tAventy-eighth Aveek. 

No gross pathologic changes AA'ere observed in post-mortem examination of 
the animals in this group, but histologic .sections gave evidence of damage in 
a moderate degree. 

It appears that thymol or thymol combinations administered orally as 
therapeutic agents in tuberculosis experimentally induced in animals and in 
earlj' recognized human pulmonaiy forms Avhere medication is adequately con- 
trolled are Avorthy of further iiu'cstigation and clinical trial. 
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IirilAX COMPLEMENT 

E. E. Eckf.r, Ph I),, S Seifteii, Pir.D., axd T. P. Dozois, Ph.D. 
Cleveukd, Ohio 

B ecause of its uiiiiiue anj imjjortaiit role in natural immnnity, and 
because of tlic ijiactieal apjilication of its reactions to the laboratory 
diaptnosis of disease, tlie lunnoral entity known as complement or alexin has 
received considerable attention from experimenters and clinicians. In the 
more than fifty years since its discovery, complement has been investigated by 
scores of workers in immnnolojry and bacteriology, with the result that hun- 
dreds of papers have ajiiicared in an attempt to establish a sol of criteria 
for its adequate definition, to eliieidatc its constitution and the mechanisms 
of its various reactions, and to determine, witli reference to actual physiologic 
conditions, its e.xact role in immunity. 

Prom tile functional viewpoint, eomplemciit has been defined as recently 
as 1939 as “comprising all of the aelivitic.s of unheatod serum,”* This defini- 
tion, to say the least, is too inclusive, because the thennolability of complement 
distingui.shes it ehietly from the relatively thermostable antibodies. The fiine- 
tions of complement which have liccn established with some degree of certainty, 
excluding those ascribed to it on the basis of circumstantial evidence and 
coincidence, are concerned only with immunity and may be summarized broadly 
as follows: (1) the extracellular destruction of invading organisms or foreign 
cells when specific antibody is present (bactericidal action, bacterlol.vsis, he- 
molysis), and (2) together with specific antibody, the preiiaratioii of organisms 
or foreign substances so that these may be removed and destroyed by the 
])hagocytic cells of the host (acceleration of opsonifieation). Complement may 
then be said to be an innate humoral factor which fnnetions in cooperation 
with immune agents and with the cellular elements to destroy a variety of 
invading organisms and foreign substances.**' ** 

It is to be noted that this definition omits the usual contrast with anti- 
body, “complement is not increased in the coni-se of immunization.” The 
repetition of this statement has become babitual despite the fact that many 
workers have reported an increase in the eoinplenicnl of certain individuals 
suffering with infectious disca.se.' In this laboratory, too, such an increase 
has often been encountered, and until this phenomenon is better uliderstood, 
it is suggested that the distinction be nai-rowcd by saying that the auginentatioii 
of antibodv in the course of immunization is more constant, of greater magnitude, 
and of different nature from that occurring with regard to complement. 

»om the Institute of ratholoci-. tVestem Reserte Univcr.sity. anti the rnlter.sity 
Hospitals. ^ , 

Aided by a Rrant from the Commonwealth Fund. 
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From a constitutional standpoint, complement was long regarded as a 
“physicochemical state of fresh serum.” The justification for this figurative 
description was the argument that complement is knoMm only by its function, 
though a similar justification should then have existed for the classification of 
certain enzymes as “physicochemical states.” It is non" no longer necessary 
to cover ignorance in this fashion, for it is firmly established that complement 
consists of at least four serum components, three of which have been isolated 
in considerably purified form. 

Until recently, knowledge of complement was confined almost wholly to 
guinea pig complement, and several extensive reviews of the subject have ap- 
peared.^"^ The present review, therefore, is concerned mainly with a discussion 
of the constitution, immunologic functions, and variation in health and disease 
of the complement occurring in human serum. Of necessity much of this 
review is concerned with the work perfoi'med in this laboratory. 

THE COMPI.EX NATURE OF HUMAN COMPLEMENT 

As in the case of guinea pig complement, human serum complement is 
composed of at least four components.® Originallj' each of these was defined 
by its participation in immune hemolysis, by a method for its inactivation with 
respect to this reaction, or by a method for its separation from the other com- 
ponents. Early attempts to “split” human complement by chemical means 
were inconclusive,'’ ® but the recent isolation of serum fractions containing 
single component activities provides a material basis for the definition of at 
least three of the components.®'^* 

It is to be noted that the existence of at Imst four components is postulated. 
Since it is altogether possible that the present components may be further sub- 
divided on the basis of activity, it is well not to be dogmatic in establishing 
limits for the complex nature of complement. Nevertheless, it is emphasized 
that the four components as now conceived are adecjuate for the constitutional 
definition of complement. All four components are necessary and sufficient for 
the production of immune hemolysis of sensitized sheep red blood cells as well 
as for the immune bactericidal reaction.*® 

In accordance with the terminology adopted for guinea pig complement 
and its components,*® whole human complement is designated as human C,' and 
the four components are designated as C'l, C'2, C'3, and C'4.® 

C'l is defined as that component which separates completely with the 
precipitate which forms when fresh human serum is dialyzed against phosphate 
buffer of pH 5.4 and ionic strength 0.02.® This precipitate, hereafter referred 
to as Fraction IPP, also contains some of G'3 and C'4, but iio C'2. C'2 is thus 
defined as-that component Avhich remains completely in the supernate (Frac- 
tion IPS) after removal of the pi’ecipitate which forms in the dialysis described. 
Fractions IPP and IPS correspond functional!}' to the midpieee and endpieee, 
respectively, described for guinea pig complement.®’ ■* 

That component which is completely and specifically inactivated or ad- 
sorbed by yeast or the insoluble carbohydrate of yeast, zymosan, is defined 
as C'3.®’ *■* ’ 
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C'4 is defined as Unit component which is specifically inactivated by the 
addition of 0,20 e.c. of 0.16 HI NH 40 I-I per cubic centimeter of human serum.® 

In each of these cases, the serum or serum fraction lacking only one com- 
ponent is designated as a “specifically inactivated complement, “ indicated by 
the symbol siC'. Such specifically inactivated complements, used in appropriate 
amounts, are the analytic tools with which the investigator is able to determine 
the presence or absence of a given component in another serum or senim frac- 
tion, Since all four components are nccc.ssaiy for tlic production of immune 
hemolysis, a given scrum winch contains one of the four components will combine 
with that siC' which l«c/>s that component to complete the hemolytic sy.stcni. 
The method in which siC' is employed for the detection of the complement com- 
ponents is Itnown as “specific reactivation.’’ 

In order to obtain more con.sistcnt results, we have undertaken the prepara- 
tion of a standard complement and of standard specifically inactivated com- 
plements from the isolated complement components. 

THE AHS.W OF C05IP1.EMENT AND 1T,S COMPONENTS 

A given complement may be measured by its capacity for participation 
in any of the hnmunologic reactions with which it is associated, but the most 
consistent results arc obtained with the almost universally employed method of 
immune hemolysis. The assay against sensitized sheep red cells has the addi- 
tional advantage of iieing relatively simple to perform. 

JIany variations of the hemolytic titration have been proposed, the 
principal variables being time of incubation, dilution of complement, and 
amount of red cell substrate. However, the method most frequently employed 
i.s that in which increasing amounts of a given dilution of comjilcmcnt are 
allowed to act against constant amounts of substrate for thirty minutes at 37° C. 
Using this method, the titer of the complement may then be e-vprc.ssed as (a) 
the minimum amount of scrum required to produce a beginning tinge of he- 
molysis (initial point titer),'® (b) the amount of scrum necessary to hemolyze 
exactly onc-half of the standard unit of sensitized erythrocytes (50 per cent 
hemolj’sis titer),"’ or (c) the minimum amouut of scrum required to licmolyzc 
completely the standard unit of .substrate (complete or 100 per cent hemolysis 
titer). The 50 per cent hemolysis titer, occurring in tlic range in which degree 
of hemolysis bears an almost linear relationship to the amount of complement, 
is probably the most accurate and reproducible expression of complement titer, 
although it is not always suitable for use in experimental work. In general, 
however, in a series of titrations it will be found that all three methods of 
expression of titer run parallel. 

In 1936 0.sborn® observed that the over-all titer of a given complement 
should bo determined or limited by the titer of that component whioh is present 
in the least titer, just as the strength of a chain is limited by the strength of its 
weakest link. This conception was re-emphasized by Hegediis and Greiner'” 
and later by Heidelberger and Jlayer,™ the foi-mer in experiments determining 
the distribution of the components in the complements of various animal species 
and the latter in seeking to establish a correct basis on which to compare the 
titers of guinea pig and human complements. 
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On the basis of the hemolytic assay, Osborn^ found the comidement titers 
of various animal sera to fit the following scheme: 

Guinea pig > human = rat > ralahit = cat 

Da Costa Cruz and Penna^' found that human, monkey, and dog complements 
were of the same order of activity. "We have estimated that guinea pig serum 
contains about five to six times the effective complement contained in ln;man 
serum and that human serum is about two to three times more active than 
rabbit serum. 

Hegedus and Greiner'” demonstrated that midpiece (C'l) was the com- 
ponent of least titer, and therefore the limiting component, of guinea pig com- 
plement. They also postulated that endpiece (C'2) was the limiting component 
of human complement, while it has been shown in this laboratory that C'3 is 
present in an effective titer etiual to, or less than, that of C'2.”” 

If a normal human complement is treated with the various testing comple- 
ments (siC') at the level of initial hemolysis, it is found that the effective con- 
centrations of the components as determined by the reactivation of the siC' 
for the hemolytic system range as follows: 

C'l > C'4 > C'2 < C'3. 

The knowledge, then, of the effective concentration of a given component must 
be considered in any study of complementary activity.”” 

THE FIRST COMPONENT (C'l) 

C'l of human complement has been prepared by fractional precipitation 
of human serum with ammonium sulfate at 1.4 IM, extraction of the re.sulting 
precipitate with phosphate buffer of pH 5.4 and ionic strength 0.02, re-precipita- 
tion with ammonium sulfate between 1.0 and 1.8 ]\I, and final re-exti-aetion of 
this precipitate with the phosphate buffer.® Obtained in this manner, C'l 
has been characterized as a euglobulin with an electrophoretic mobility of 
2.9 X 10'” in veronal buffer of pH 7.8 and ionic strength 0.1. Examined in tlie 
Svedberg oil-turbine ultraeentrifuge, the C'l preparation was sliown to con- 
tain a major component which had a .sedimentation constant of 6.9 Svedbergs. 
C'l, isolated by the methods described, constitutes from 0.6 to 0.8 per cent 
of the total seimm protein. With the aid of Lustig and Kondritzer,”” 
an elementary and amino acid analysis of C'l has been obtained ; tliese results 
are considered in another section of this review together with those obtained 
in a similar analysis of C'2. 

Purified C'l is best preserved in 4.5 per cent NaCl, or in .solutions buffered 
to pH 6.6 and containing greater than 0.9 per cent NaCl. So dissolved, C'l 
may be kejit unchanged in the frozen state for at least two years. It withstands 
the lyophilization process and accoi-dingly may be preserved by drying from 
the frozen state. 

Kecently, Cohn and co-workers”^ have reported the concentration of human 
C'l in their Fraction III-2. 
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Immunologically, piiiified C'l is inactive per se in I)Otli the liemolytic and 
bactericidal systems, but wlicn combined with the otlier tliree components, it is 
fully active against sensdized sheep ei-ythroeytes and sensitized Vibrio comma}’' 

THE SECOND COJtPOXEXT (C'2) 

Two factors have mditated against the purification of G'2. In the first 
place, this component is a minimum component in human complement and 
therefore the yields tend to be poor; and in tbc second place, human C'2 
precipitates at a much liighcr range of ammonium sulfate concentration than 
does guinea pig C'2. thus making its separation from allmmin much more 
difficult. Nevertheless, a highly purified fraction was prepared by precipitation 
of human scrum at jill 0.8 lietwecn 2.4 and 2.G St ammonium sulfate.’" SVhile 
all preparations of C'2 obtained by tliis method contained about 50 per cent 
albumin as determined electropboretically, they also contained a globulin with 
an electrophoretic mobility of 2.0 x lO""' m veronal buffer of pll 7.8 and ionic 
strength of 0.1" It should be remarked that guinea pig C'2 was found to he 
an alpha globulin containing over 10 per cent carbohydrate and having almo.st 
full C'4 activity.’" The bnman pre|mration, in contrast, had about 3 per cent 
carbohydrate and no ("4 activity, atid if it contained any alpha globulin, this 
latter fraction was masked by combination with another scrum protein. 

Again with the aid of Lustig and Kondritzer” an elementary and amino 
aeid analysis of C'2 was secured. In comparison with the similar analysis of 
C'l, the results sliow that C'l lias a higher concentration of hydroxy amino acids 
(serine, threonine), tyrosine, and tiyptopliane. C'2, on tlie other hand, has a 
higher content of sulfur-containing amino acids (cystine and methionine) and 
the basic amino acids {arginine and histidine). The higher carbohydrate con- 
tent of C'l finds its expression in higher carhon, nitrogen, and hnmin-nitrogen 
values. It should bo recalled that tbc C'2 jircparation contains about 50 per cent 
albumin, and this isprobabI,v rctlcctcd in the higher cystine value. 

In their recent studies on the fractionation of human plasma, Colm and 
his associates" concentrated C'2 in their Fraction IV. 

AVhen dissolved in 0,9 per cent NaCl and buffered to pll G.fi," C'2 may 
be preserved in the frozen state for at least two years. It may also be preserved 
by drying from the frozen state 

Purified C'2 ])cr se is not active in immune hemolytic or bactericidal sys- 
tems, hut is fully active when combined with the other three components.'” 

If human scrum is heated at 50 to 52° C. for thirty minutes, its over-all 
complementary activity is lo.st, and simultaneously C'2 disappears.” However, 
it is not to be inferred neccs-sarily that C'2 is more tlierniolabile than C'l, for it 
is more probable that the beat inactivation is a function of concentration, and 
since C'2 is present m lesser concentration than the other protein component 
(C'l), its activity disappears first.” 

THE THIBD COMPONENT (C'3) 

This component has not been isolated from cither guinea pig or human serinn 
in any great degree of eoncentration or purification. licfraetionation of Frac- 
tion IPP (sec above) at -10° C. with 30 per cent ethanol results in a precipitate 
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containing 70 per cent C'3 and small amounts of C'l and C'4.^® However, much 
remains to be done before it can be said that a purified C'3 is available, and 
work in this direction is in progress. 

When human serum is treated with zymosan and then examined in the 
Tiselius apparatus, a distui'banee in the gamma globulins is noted.-“ Thi.s 
may be indicative of an association of C'3 with the gamma globulins, as is tlie 
presence of most of the serum C'3 in Fraction IPP. However, it should he 
remembered that the “specificity” of the zymosan for C'3 is onl.y relative, and 
that often small amounts of C'l, C'2, and other proteins are adsorbed as well, 
and this may very well account for the observed disturbance in the Tiselius 
diagram. ' 

Thus, oi^tside of the fact that it is a miniminn component in human com- 
plement,““ that it is relatively unstable,"' and that there are indications that it 
acts as an enzj-me,"' very little is known of the chemical nature or properties 
of C'3. 

THE FOURTH COMPONENT (C'4) 

The fourth component, originally defined by its specific inactivation by 
dilute ammonia and other amino compounds,®* has been postulated to be a re- 
active carbonyl group attached to a protein carrier.®® In guinea pig complement, 
its persistent association Muth C'2 through all stages of purification inspired the 
conception that C'4 ‘was a prosthetic group attached to C'2. However, in the 
ease of human complement, C'4 has been found associated with fractions con- 
taining C'l as well as those containing C'2® and it was not present in either 
purified C'l or C'2. It must be noted, however, that C'4 associated with C'l in 
Fraction IPP was found to be very labile, whereas in association with C'2 in 
Fraction IPS it was relatively stable.®* The failure to find the fourth com- 
ponent in the purified human C'2 preparation may have been due to the de- 
struction of C'4 in the course of the many ammonium sulfate precipitations. 

Human C'4, obtained relatively free from the other components, was pre- 
pared by dialysis of Fraction IPP (see above) against a phosphate buffer of pH 
6.6 and ionic strength 0.04. The supernate which was thereby obtained con- 
stituted from 1 to 2 per cent of the total serum protein and contained 90 per 
cent C'4 activity in one unit along with small amounts of C'l and C'3. These 
latter two components were removed by treatment with an excess of zymosan. 
Prepared in tliis manner, C'4 is best pi'eserved by solution in phosphate buffer 
of pH 6.6 made isotonic with NaCl.®® Like C'l and C'2, C'4 may be preserved 
by drying from the frozen state. 

The purified C'4 preparation is extremely sensitive to dilute alkali and 
amino compounds such as ammonia and hydrazine, inactivation occurring withm 
one minute at room temperature. 

HUMAN COMPUEMEXT IN BACTERICIDAL PHENOMENA 

It has been shown®’ that the bactericidal and bacterioljdic effects of 
blood serum are dependent upon the interaction of two serum eonstituente, the 
thermolabilc complement and the thermostable antibody. Kecent studies*® with 
human serum have eonfii’med the older findings on the functions of complement 
and antibody in these jihcnomena and, especially on the basis of the recent 
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knowledge of the constitution of complement, have provided new information 
on the partienlar role of iuinmii complement in the dcstniction of organisms. 
The results of tliese stndic.s are .summarized below. 

Fresh adult human serum was .shown to exert marked hactcrieidal and l.vtic 
action against a strain of Vibrio conimn. Heated adult serum and fresh infant 
serum of normal complement titer did not exhibit thc.se properties. However, 
a combination of these two .sera in the proi)er proportions was almost as hac- 
tcricidal a.s fresli adult scrum. Fresh infant scrum could also be rendered 
bactericidal by the addition of inactivated specific rabbit antiserum which in it- 
self was likewise nonbactci-icidal. By inference, then, adult .serum must be 
bactericidal by virtue of its complement and naturaily occurring antibody. 
Also, by measuring the bactericidal effects of fresh infant serum and specific 
antiserum combined in varying proportions, the degree of bactericidal action was 
found to be dependent on the amount of complement as well as on the amount 
of antibody. 

In the same study'^ it was further observed that specific inactivation of 
any one of the four comjioucnts of human complement destroyed the bactericidal 
powers of the treated adult serum. Combination of specifically inactivated com- 
plements rc.sidted in the restoration of the bactericidal ))ropertic.s almo.st com- 
pletely. All four complement components arc therefore necessary for bac- 
tericidal and bacteriolytic effcct.s. It wa.s also noted that the bactericidal power 
of normal adult serum could he fortified by the addition of an excess of any 
of the spocificall.v inactivated complemcni.s, the siC' lacking C’l but containing 
C'2 and sonic C'3 and C'4 {Fraction IPS) being particularly effective. The 
fortification of the bactericidal action of complement by the addition of C'2 and 
C'3 is supportive evidence that these two are the components of minimum titer 
in human complement. 

Hemolytic test.s run in parallel with the bacterieidal experiments indicated 
a qualitative relationship between these two phenomena. 

THE FIXATION OF IIFMAN COMFUEMENT IIY EACTERIA 

Aside from the accepted fact that a suspension of bacteria can fix human 
complement in vitro, little wa.s known of the nature of this fixation. On the 
basis of the newer knowledge of the structure of complement, a study was 
made of the nature of complement fixation by six species of bacteria including 
both coceal and rod forms.” 

Fixations were performed with unseiisilizcd bacteria and with the .same 
organisms .sensitized by siiecifie rabbit antis-era. The effects on the comidement 
were determined by the method of specific reactivation after fi.xation and separa- 
tion of the organisms. From this .study the following conelusions were drawn. 

If the quantity of bacteria employed was sufficiently largo, or the incuba- 
tion period sufficiently prolonged, there was a complete Io.ss of hemolytic activity 
of the complement. Since comiilete removal or inactivation of at least one com- 
ponent i.s ncce.ssary for hemolytic inactivation, at least one component must 
then have been entirely fixed to account for this effect. In agi'cement with this, 
at the initial point of removal of over-all hemolytic activity, C 2 or C'3 was found 
to have been removed completely, and tPierc wa.s a partial decrease in the ae- 
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tivities of the other components. One exception was noted in the case of 
Streptococcus viridans, in which fixation of 50 per cent of C'2 and C'3 resulted 
in the complete inactivation of the complement. It is worthy of note that 
C'2 and C'3 are also the comiDonents of minimum titer in liuman complement. 

Further, except for a slight increase in the rate of fixation, no other differ- 
ence was observed between the effect of sensitized and imsensitized bacteria on 
the complement. As was pointed out, the presence of natural or group-related 
antibodies in the sera would tend to obscure expected differences in the nature 
of fixation in the presence or absence of antibody. 

Although definite differences existed in the manner of fixation by various 
organisms, it was not possible to correlate the mechanisms with any character 
of the bacteria themselves. Likewise, definite conclusions regarding the speci- 
ficity of the fixation cannot be made at this time, although the differences in 
fixation exhibited by various species of organisms would indicate some degree 
of specificity, iloreover, one species of oi’ganisms, Neisseria intracellularis, when 
employed without antiserv\m, fixed only a slight amount of C'2 and no other 
component even after many hours of incubation. Sensitized organisms of this 
strain fixed all of C'2 after several hours, and a portion of C'4 could be removed 
on prolonged fixation beyond this time. This particular strain of Neisseria intra- 
cellularis was resistant to the bactericidal action of several different fresh nor- 
mal adult sera, which indicated a lack of specific antibody in the sera. 

The assay of complement remaining after bacterial fixation revealed which 
components were fixed to the organisms, but it did not disclose the fate or fimc- 
tion of the fixed components. HoM’ever, in experiments with Vibrio comma, it 
was found that when those components not fixed were added in sufficient amount 
to the washed treated organisms, bactericidal action resulted. Thus components 
removed from complement by bacteria were not destroyed but retained their 
properly of participating in subsequent complement reactions. It was further 
noted that the hemolytic functions of the complement components remaining m 
the sera after fixation Iry bacteria closely paralleled the bactericidal functions 
of the fixed components. 

We are convinced that future stirdies on the mechanism of fixation must 
take into account the effective concentrations of the individual complement 
components as suggested in another paper.-- 

In a study of the quantitative aspects of fixation of human complement to 
specific immune precipitates of egg albumin, the specific carbohydrate of the 
Type III pneinnococcus (S III), and S 11, Hcidelberger and Mayer-” concluded 
• that from 0.03 to 0.05 mg. of C' nitrogen per milliliter of human serum adds to 
these precipitates. 


THE OPSONIC ACTION OF HirjIAN COMPLEMENT 

In 1941, before the human complement system had been adequately investi- 
gated, Ecker, Pillemer, and Kuehn”® studied the opsonic action of normal human 
serum on a strain of Staphylococcus aureus. No relation.ship was found to exi-st 
between the hemolytic titer of human serum and its antistaphyloeoccic opsonic 
powei'S. Heat inactivation readily and markedly reduced the normal human 
serum opsonins. Ammonia, used in what is now known to be approximately 
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optimum amounts for tlie inactivation of Iiuman C'4, caused reduction of opsonic 
power; adsorption of the serum with zyniin (a yeast preparation) did not 
change the opsonic capacity. Separation of human serum Ijy carbon dioxide- 
saturated water into a precipitate (corresponding rougJily to Fraction IPP 
above) and a siipernatc (rouglily Fraction IPS) resulted in a division of the 
opsonic j)owcr between the two fractions, the major portion residing in the 
supernatc. 

In tile past, Gordon and Thompson, Elvidge,^" and Welch, Brewer, and 
Hunter^’ liave presented evidence to show flic mutual rndependeneo of opsonin 
and complement. Ward and Endei's'*- summarized the matter by observing that 
human complement does not pmducc an absolute increase in the promotion of 
])hagocytosis by the scrum, but, acting probably as a biocatalyst, accelerates the 
i-ate of phagocytosis. 

While it is already obvious that the toUd eoniplement complex is not re- 
rpiired for the acceleration of opsonifieation, experiments now in progress witii 
purified components will determine which components are of importance in the 
opsonic reaction. 

THE VAIU.VTIO.VS OE COMPLEMENT IN INFECTIOUS niSEASE 

In 1902 Wassormann^^ proposed the view that the scrum complement 
concentration could he employed as an index of general resistance. Cadham^* 
thought that a liigli complement titer was beneficial in immunity. That low 
general immunity ina.v lie coincident with low com])lement titer was shown in 
the case of the compicmont-dcficient guinea pigs bred by 3foorc*“ in 19J9. The 
sera of these animals were deficient in C'3^*' ■*' and i>crhaps C"4, and the animals 
themselves were highly susceptible to natural infect ioi)s and to the injection of 
pathogenic bacteria. 

In general, the complement of an individual is vcr.v close to, and constant 
with, the tiler found to he average for the species. This statement applies only 
to the complement of liealthy individuals, however, for the literature lists many 
variations in disease. In 1912 T)ick^’ found that in pneumonia the complement 
is low before crisis and high the second to third day follouTng crisi.s. Kccently, 
Futstein and Walker^'’ reported that com/dement diminisJies during the coiinso 
of pneumonia and particularly follonniig the administration of an antiimcumo- 
coccal serum. These autliors al.so reported a drop in over-all complement titer 
in six of eleven cases of scnim disca.se. Thomas and Dingle"'® observed that the 
intravenous injection of rahliits with a concentrated rabbit antimeningocoecal 
serum rc.sulted in the di.sappearance of hemolytic complement for as long as 
t\venty-four houi-s. Interesting clinical responses liavc also been reported in 
cases in which fresh serum, containing complement, was used together witli tiie 
specific sera in meningococcal and influenzal infection.s.''**''^ 

In 1929 da Costa Cruz'*^ rciioiTed a study of 103 cases of yellow fever, in 
94 per cent of which he liad oh.sen'cd a markedly diminished complement which 
rapidly improved in titer during convalescence. It sliould, however, be emplia- 
sized that tlic liver is diseased in yellow fever, and the low complement may in 
some measure be related to the interference with lu-odiiction of the protein com- 
ponents of complement. 
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The litei-ature on complement in tuberculosis is contradictory, as is that 
on sypliilis. In botlj trypanosomiasis and malaria decreased complement titers 
have been noted.’’ “ 

With the view of resolving, if possible, the many contradictory reports on 
variations of complement in infectious disease and determining the mechanisms 
underljdng these variations, we have undertaken a long range and serial study 
of a variety of eases. In this review onl.y a few tentative conclusions, obtained in 
a study of approximately 300 cases, are reported as follows ; 

1. While over-all complement titer often changas in the coru’se of infectious 
disease, the extent and direction of tlie changes are by no means always similar 
in different diseases, nor even in individual instances of the same disease. 

2. In fourteen eases the over-all complement fell to zero or near zei'o, usually 
coinciding with a serious phase of the patient’s condition. With improvement 
of this condition the com})lement titer would tend to return to the normal value. 
However, of these fourteen patients, approximately one-third died, whereas the 
fatalities of all eases amounted, to less than 5 per cent. 

3. In almost all of those patients showing a decrease in over-all complement 
titer there was a striking decrease or disappearance of the fourth component 
(G'd) and a decrease in the second component (C'2). For instance, all of those 
showing zero complement had no C'4, a fact made more striking if it is recalled 
that this component is a comijonent of maximum titer in normal complement. 
O'! varied only slightly, while C'3 did not vary significantly. When diminished 
titers improved, there was a concomitant improvement in C'4 and C'2 titers. 

4. There appears to be some prognostic value in the complement titration in 
those patients in whom complement titer decreases, and in particular in fol- 
lowing C'4 activity. lidwever, too few cases have been studied to permit this 
statement to be made with certainty. 

5. In numerous cases of scarlet fever, measles, and erysipelas, the patients 
shoM’ed increased complement titers, all four components apparently partici- 
pating in this change. 

A detailed analysis of these cases will be pirblished elsewhere, and the 
relationships of complement titer to serum protein concentration, white blood 
counts, and temperature will be con.sidered. Future work will be concerned 
with the relationship of in vivo complement fixation, if this is shown to occur, to 
the lowering of complement titer and with a study of complement variation in 
the sera of rabbits with experimentally produced infections. Eventually, treat- 
ment of infected rabbits will l)e attempted with purified or concentrated comple- 
ment preparations. 

SUMMARY 

A constitutional basis for human complement, similar to, though not identi- 
cal with, that previously estalilishcd for guinea pig complement, has been pre- 
sented. Human complement is composed of at least four components, each of 
which is described by a method of specific inactivation or separation. Three of 
these have been prepared from Iniman serum l)y various fractionation pro- 
cedures, and only the third component (C'3) remains to be purified adequately. 
It is established that the second and third components (C'2 and C'3) are the 
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eompononts of lowest titer in human complement and thus determine the 
over-all titer of tlie scrum. 

All lour components are recpiired for the immune hemolytic and bactericidal 
I'caction.s', hut the exact role of the components in the acceleration of opsonifica- 
tion is a.s yet unknown. Six speeie.s of bacteria, including coccal and bacillary 
forms, have been shown to inactivate human complement, principally by the 
fixation of the second or third coinj)oiients. The fixed complement components 
retain their caiiacity for jiarticipation in subsequent immunologic reactions such 
as bactericidal action. 

Complement varies in infectious disease, and in tiiosc patients in whom 
it drops in titer to zero or near zero, the jirognosls is grave. ‘When tlie comple- 
ment disappears in these, it is by virtue principally of tlie inactivation, fixation, 
or inhibition of tlic fourth component (C'4) and secondarily of tlie second com- 
ponent (C'2). 
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rVBULAJt RBSORPTfON TEST 
With Rksi'i/i's in Nixetren Cases of Acute Nefhritis 

R. Q Pasqualixi, jr.D. 

Bukxos Aikes, Aboextixa 

H ypophysis posterior lohc ostraels have been used repeatedly for estimat- 
ing renal function ' The various methods consist essentially in determin- 
ing the specific gravity of urine following tlio administration of a quantity of 
extract ; the conclusion lias been reached that when the kidney loses its capacity 
to concentrate nrine, the antidinretic liormone also loses its effect. Since 11W0‘° 
we have been using pitressin to te.st the functional capacity of the kidney, but, 
instead of taking into account urine concentration, we have made direct measure- 
ments of the antidiuretic cft'ect obtained after standardized administration of 
water and pitressin. 

This paper gives a simplification of the technique originally used and the 
results obtained in nineteen patients with acute nephritis. 

Procedure. — Tlie metliod is as follows: 

1. The patient is kept fasting and l.ving in bed 

2. One liter of water in ten minutes is given. 

3. Five units of pitressin are iiniectcd intramuscularly. 

■i. A catheter is introduced into the bladder and two urine specimens col- 
lected at tliirty and ninety minutes, respectively. 

5. The fiist specimen is di.scardcd; the .second i.s mea.sured and the figure 
obtained is the result of the test. 

The maximum antidiuretic effect is obtained between thirty and ninety 
minutes after tlie pitressin injection. 

Results in Normal Suhjccts . — This tubular resorption test was carried out 
in forty nonnal male individuals between the ages of 20 and 25 years.'® The 
results obtained varied between 16 and 76 c.c. of urine, with an average of 
36,2 c.e. We liave never seen normal subjects with values higher than 80 c.c., 
and, therefore, we consider as abnormal any values above thi.s figure. 

The test is w'ell tolerated; there is obvious vasoconstriction of the skin and 
a rise of from 20 to SCPmm. in blood pressure, not lasting more than 15 to 20 
minutes after the pitressin injection. 

Results in Acute Nephritis . — Tiie te.st was earned out in nineteen eases of 
acute nephritis occurring in men between the ages of 19 to 21 years. These 
patients presented the typical picture of acute nephritis, the important symp- 
toms and evolution of which arc detailed in Table I. They were admitted to 

Hospital XllUtar Central. 

Received for publication, Nov. 8. 1944. 


51 



52 


PASQUALINI 


Table I 

Tubulak Eesoeption Test m Acete Nephritis 


CASE 

DAY from 
THE 

ONSET OF 
DISEASE 

T.R.T. 

TJ.C. 

BLOOD 

PRES- 

SURE 

HEMA- 

TURIA 

ALBU- 

MINURIA 

URI- 

NARY 

CASTS 

EDEMA 

BLOOD 

UREA 

(mg. %) 

SED. 

RATE 

1 

9 

68 

Mx 

75 

150/ 90 

+ 

+ 

0 

+ 

26 

112 


35 

62 



110/ 64 

0 

0 

0 

0 


18 


42 

_ 









44 


49 

US 



118/ 72 

0 

0 

0 

0 




85 

87 



125/ 75 

0 

0 

0 

0 


2 

2 

9 


Mx 

EES 

168/ 70 

++ 

-f 

+ 

+ 

54 

18 


16 


Mx 

66 

140/ 70 

+ 

+ 

0 

0 

45 

18 


30 




130/ 80 

+ 

0 

0 

0 


15 


44 

67 



126/ SO 

0 

0 

0 

0 


5 


58 

84 



130/ 78 

0 

0 

0 

0 




77 

47 



130/ 85 

+ 

4* 

0 

0 


5 

3 

15 

Htl 

Mx 

65 

158/ 85 

+ 

0.2 Gm. % 

+ 

+ 

. 63 

75 


24 

mtSm 

Mx 

125 

124/ 62 

+ 

4- 

+ 

0 

35 



37 

mi 



110/ 70 

0 

0 

0 

0 

48 

5 

4 

8 

71 



160/100 

+ + 



+ 

50 

10 


16 

134 



150/ 90 

+ 

0 

0 

+ 

40 

10 


26 

70 



128/ 70 

0 

0 

0 

0 

40 

10 


45 

129 

Mx 

64 

136/ 68 

+ 

0 

0 

0 


2 


53 

84 



124/ 70 




0 


5 

5 

11 

168 



190/110 

+ 

0.25 Gm. % 

a. 

+ 

50 

10 


20 

93 

Mx 

93 

130/ 90 

0 

0 

6 

0 

30 

37 


35 

82 



120/ 70 

0 

0 


0 


27 


53 

65 



120/ 70 

0 

0 


0 


2 

6 

27 

107 

Mx 100 

136/ 80 


4" 

+ 

0 

64 

32 


38 

79 

Mx 

60 

130/ 90 


+ 

+ 

0 

34 

3 


48 

60 



130/ 80 


-i* 

+ 

0 


9 

7 

25 

220 

Mx 

50 

170/110 


0.10 Gm. % 

+ 

+ 

60 

50 


36 

166 



158/108 

0 

+ 

0 

0 


20 


52 

86 

RLx 133 

138/ 96 


-i- 

+ 

0 

44 

20 


66 




130/ 80 




0 


10 

8 

29 

m 



110/ 70 

+ 

0 

0 

+ 

55. 

10 


44 

118 



108/ 60 

+ 

+ 

+ 

0 


2 


55 

154 



110/ 70 

0 

0 

0 

0 

35 

2 


72 

79 

Mx 

71 

126/ 74 

0 

0 

0 

0 



9 

5 

- 



178/120 

+ 


+ 

+ 

64 



19 

ISO 



150/120 

0 

0 

0 

0 

27 

5 


31 

66 



145/110 

0 

0 

0 

0 


5 


42 

65 

Mx 

90 

132/ 92 

0 

0 

0 

0 


5 


62 

56 



124/ 86 

0 

0 

0 

0 


2 

10 

5 

- 

Mx 

78 

240/140 

+ 

+ 

+ 

+ 


21 


17 

35 

Mx 

89 

170/105 

+ 

4- 

0 

+ 

56 

8 


32 

46 



166/ 65 

0 

0 

0 

0 

20 

4 


48 

30 



144/ 75 

0 

4" 

0 

0 



11 

mm 

_ 

St 

32 

210/120 

+ 

0.20 Gm. % 

+ 

+ 

45 

42 


mm 

75 

Mx 

33 

150/ 90 

+ 

0.10 Gm. % 

'0 

0 

70 

46 


mm 

145 



122/ 82 

+ 

+ 

0 

0 


72 


68 

66 

Mx 

66 

142/ 84 

4- 

4" 

0 

0 


35 

12 

3 

- 

Mx 

100 

190/140 

+ 

0.20 Gm. %■ 

Wm 

0 

56 



16 

78 



150/110 

+ 

0.02 Gm. % 


0 




34 

81 



155/110 

0 

4- 


0 

55 



48 

71 



156/108 

0 

4* 


0 

55 



91 

74 



160/110 

+ 

4- 

mm 

0 




19 

- 



145/ 85 

+ 

+ 

0 

0 

42 



29 

105 



136/ 70 

+ 

+ 

0 

0 


ZD 


43 

70 



140/ 90 

0 

0 

0 

0 


0 


57 

87 



150/ 86 

++ 

4- 

+ 

0 


10 


80 

92 



142/ 90 

+ 

0.01 Gm. % 

0 

0 

49 

2 


100 

79 



134/ 90 

+ 

4- 

+ 

0 




110* 

- 



130/ 84 

44+ 

+ 

+ 

0 




122 

86 



133/ 82 

+ 

4* 

0 

0 




•Tonsillectomy. 

tDental extraction; apical granuloma. 
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Table I — Cont^b 


CASE 

DAY FROM 

THE 

ONSET or 

DISEASE 

T.R.T. 

r.c. 

BI.OOD 

PRES- 

SURE 

imrA- 

TDRIA 

ALQU- 

MINDRIA 

URI- 

NARY 

CASTS 

EDEMA 

BLOOD 
UREA 
(MO. %) 

SEP. 

RATE 


22 

1S8 



160/110 

+ 

0.05 Qm. 95, 

■HH 

-f- 

55 



3G 

167 

ilx 

52 

134/ 80 



+ 

+ 

64 

Bl 


53 

ISO 

Mx 

70 

124/ 80 

+ 

+ 

+ 

0 


Bl 


66 

US 



124/ 75 


+ 


0 

50 

B1 



1S7 




+ 


0 

0 

‘ ' 50 

BS 



107 

Mx 

72 

128/ 82 

+ 

+ 

^Eh 

0 





88 



132/ 85 

+ 

+ 

+ 

0 


10 



72 

Mx 129 

125/ 85 


+ 

+ 

0 


10 

15 

13 

148 

Mx 

63 

170/ 95 

+f 

0.15 6m. cfo 

+ 


INI 

KB 


27 

116 

Mx 

47 

130/ 80 

4+ 

lijUiMtiKUsa 

H!^l 

0 


1 62 


41 

159 



reiimr 

+ 

+ 

0 

0 

HH 

49 


67 

99 



128/ 60 

+ 

+ 

+ 





82 

ns 

Mx 

81 

128/ 60 




0 

HH 

B9 


91 

97 



118/ GO 

+ 

0 

0 

0 




109 

78 

Mx 152 

126/ 62 





■H 

5 


123 

84 



120/ 64 





■■ 

2 

16 

11 

- 

St 

29 

160/130 

+ 

liiiaasaa 

+ 


145 

40 


34 

85 

Mx 

85 


+ 

+ 


0 

17 

20 


41 

40 



120/ 80 




0 

22 

20 


54 

79 



120/ 78 



0 

0 


MM 


93 

63 



120/ 60 

0 

0 

0 

0 



17 

17 




150/ 60 

+ 

0.00 Om. % 

0 

0 




34 

90 



130/ 70 

+ 

0 

+ 

0 

36 



43 

94 



132/ 60 

+ 

0 

0 

0 




56 

95 



mJmE 

HI 

0 

0 

0 




85 

61 


122/ 70 

Hi 

0 

0 

0 




108 

49 



120/ 70 

Hi 

0 

0 

0 



18 

9 

ISO 

Mx 

93 


++ 

0.025 Gm. % 

+ 

+ 


85 


10 

75 

St. 

61 

IKllUtllll] 


+ 

0 

0 

35 

65 


30 

79 



132/ 80 


0 

0 

0 


10 


44 

62 



EEn»E 


0 


■■ 




58 

59 



132/ 88 


0 

H 





60t 

- 






■1 

■1 





34 



134/ 82 

+ 

+ 




5 


101* 

- 




+ 

-1' 

WM 

■■ 


42 


106 

45 



120/ 80 

+ 

+ 

+ 

0 


25 

19 

4 


St 

93 

155/ 70 

+ 

0.025 Gm, % 

+ 

-f- 

150 

70 


14 

1S4 

Mx 

42 

142/ 70 

-H- 

0.025 Gm. % 

+ 

0 

90 

90 


50 

56 

Mx 

170 

142/ 06 

0 

0 

0 

0 

42 

85 


70* 




130/ 60 

++ 

0 

0 

0 




105 

50 



120/ 02 

0 

0 ■ 

0 

0 
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the hospital early in the course of the disease and remained for periods whieh 
.varied between 45 and 135 days. The treatment consisted of rest, diet, and 
general care only. 

The test was made at an early stage and repeated periodically throughout 
the patient’s stay in the hospital. The following determinations were made 
simultaneously: urine analysis, blood urea, sedimentation rate, blood pressure, 
and, occasionally, urea clearance test. An average of five tests was performed 
on each patient, the results of which are detailed in Table I. They were as well 
tolerated as in normal subjects. 

Only one patient gave a normal value ; abnormal figures, for e.vample, higher 
than 80 c.c., were obtained in eighteen patients. The antidiuretic action of 
pitressin was decreased in all patients and had even disappeared completely in 
some of them ; that is, after the ingestion of a liter of water the diuresis was 
the same with or without pitressin." The results obtained in the first stages of 
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PASQUAUNI 


the disease M'cre, in gcnei-al, tJie most, abnormal, gradually deei.-ca.sing lo normal 
values toward the later stages. 

In fourteen of the eighteen patients it was possil)le to repeat the lest until 
the normal level had been reached. This occurred between 30 and 135 days 
after the appearance of the disease. In ten of these patients all other symptoms 
of the disease had disappeared h3’’ that time, while in four there were still signs 
of hematuria, albuminuria, and urinary casts. 

In nine of the eighteen patients, the last abnormal test, when recorded, Avas 
the onlj' 1‘emaining sign of the disease ; in six of these it CA'entually returned to 
nomal. On the other hand, in the remaining nine the last abnormal test Avas 
still accompanied by hematuria, albuminuria, urinary casts, or increased sedi- 
mentation rate. 

In the patients in AAhom it Avas possible to carry out urea clearance tests, 
the results obtained, Avith verj^ few exceptions, returned to normal much before 
the tubular resorption test. The blood pressure alAA'ays Avent back to normal 
much before the tulnrlar resorption test. 

DISCUSSION 

Pitressin acts directly on the renal tubules, causing an increase in Avater 
resorption and consequentlj’’ a decrease in diuresis.”' ” This antidiuretic effect 
is decreased or disappears completelj’’ in dogs intoxicated Avith uranium salts, as 
demonstrated bj’" Molitor and Piek'® and Hayman, ShumAvay, Dumke, and 
Jliller.®® As is Avell knoAvn, the uranium salts selectivelj' affect the renal tubules. 
It is most probable that Avhen the renal tubules are damaged in man, AA'hatever 
the cause, the antidiuretic effect is also diminished or even disappears and that 
the extent of the diminution is pi'oportional to the extent of the tubular lesions. 

As AAmter resorption can undoubtedlj' be considered one of the principal 
functions of renal tubules, Ave find that in estimating tlie loss of that function, 
a direct measurement of ivrine volume seems more appropriate than does the 
indirect method of measuring urine concentration, hloreover, Ave consider that 
determining urine volume instead of urine concentration has the folloAA'ing 
advantages: (1) urine v’olume is independent of salt and protein content of 
the diet taken during the preA'ious daj's; (2) it eliminates the necessity of gii^- 
ing a test meal; (3) it is less affected bj^ tlie presence of edema. Prom a prac- 
tical standpoint the AA’hoIe test lasts only one and one-half hours and is aa'cII 
tolerated even in the earlj^ stages of nephritis. 

Results obtained in acute nephritis lead us to presume that tubular func- 
tion is affected at a ver.v earlj’^ stage^®’ -^; moreover, the test tends to normalize 
itself vety^ late, generallj^ after all other signs of the disease have disappeared, 
indicating that in manj' cases tubular function is the last to return to normal. 
As onlj' one of the nineteen patients gai'C normal values for the tubular resorp- 
tion lest in spite of the presence of the other sj'mploms, it might be that the dis- 
ease in this case Avas of a different kind and that consequently there might exist 
tAVo types of acute nephritis. 

StlJIMABY 

A tubular resorption test using the antidiuretic hormone of the posterior 
pituitary has been proposed for estimating renal tubular function. The tech- 
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iiique consists of the following pramlnrcs : after the ingestion of 1 liter of water 
and the injection of 5 units of pitressin, urine is collected during the interval 
between thirty and ninety minutes after the water intake. In normal subjects 
the diuresis during that period was fi*oin 16 to 76 c.c. (average, 36.2) ; a diuresis 
Of more than SO c.c. is considered abnormal. 

Of nineteen patients with acute nephritis, eigbteeji gave abnormal values 
during the course of the disease with, in general, a decrease toward normal values 
in the later stages. In most of the patients the tubular resorption test was one 
of the last signs to return to normal. 
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A SYNTHETIC MEDITOI FOR DETEEMINING CITRATE-UTILIZING, 
HYDROGEN SULFIDE-FORMING BACTERIA 

R. W. Newman* 

Sacramento, Calif. 

K OSER,^ working with the salts of certain organic acids, demonstrated that 
the genus Aerobacter can be distinguished from Escherichia coli through 
the ability of the former to utilize citric acid as a sole source of carbon, 
whereas Esch. coli cannot. The ability to utilize citric acid as a sole source of 
carbon is shared, also, by Escherichia freundii and other intermediates of the 
coli-aerogenes groups as well as by most species of the Salmonella and by 
many of the "paracolon” gi’oup of organisms. 

In 1926, Simmons- adapted Koser’s findings into his citrate agar medium. 
Esch. freundii, most of the genus Salmonella, and the “true’’ paracolons, 
which cannot be distinguished from the genus Aerobacter on either the Koser 
or the Simmons media, may be sepai’ated from it by their ability to fom 
hydrogen sulfide on peptone media. 

It occurred to me that possibly the value of these citrate media might be 
enhanced if a suitable hydrogen sulfide indicator could be incorporated into 
one or both of them in order to differentiate further tliose organisms capable 
of utilizing citric acid as a sole source of carbon. If this were found to be 
possible, it might eliminate the necessity of using Two different media for this 
purpose. 

Since Koseri noted that “identical results could be secured with either 
potassium, ammonium, or sodium citrate,” there was the possibility that ferric 
ammonium citrate might be used as the source of both citrate and iron. The 
citric acid content of sodium citrate and ferric ammonium citrate is approxi- 
mately the same. 

The use of iron as an indicator of hydrogen sulfide formation, of course, is 
not new. Wilson,^ Schunk,^ Beckivith and Moser,® Levine, Vaughn, Epstein, 
and Anderson,® Sulkin and Willett,' ZoBell and Feltham,® and others have 
reported on tlie use of ferric chloride, ferric citrate, and ferrous sulfate, while 
feme ammonium citrate has been used by the Difeo Laboratories® as a hydrogen 
sulfide indicator in a peptone-carbohydrate medium for several years. 

Substitution of ferric ammonium citrate for sodium citrate in the usual 
citrate media, however, lowered the pH sufficiently to' cause hydrolysis of the 
agar upon autoclaving. Therefore, the composition of the medium was altered 
and the constituents so adjusted that the reaction was slightly above pH 7. 
This not only produced a medium stable to autoclaving, but also brought it 
into the sensitive range of the iron indicator system. Sulkin and Willett' and 
Hunter and Creeelius'® have shown that ferric ammonium citrate reacts bast as 

Received for publication. Aup. 7, 1944. 

‘Dalrj' Bacteriologist, Bureau of Dairy Service, Division of Animal Industry, California 
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an indicator of Iij-drogcn sulfide in an alkaline (pH 7.5) menstruum. As this 
synthetic medium, after inoculation, progressivol 3 ' becomes more alkaline with 
growth of the organism, the ferric ammonium citrate functions efficiently as 
an indicator well within its sensitive range. 

The emended fomula is as follows: magnesium sulfate, 0.02 per cent; 
sodium ammonium phosphate, 0.15 per cent; sodium chloride, 0.5 per cent; 
dipotassium phosphate, 0.1 per cent; ferric ammonium citrate (green), 0.3 per 
cent; sodium thiosulfate, 0.3 per cent; sodium sulfite, 0.04 per cent; agar, 2.0 
per cent. The final reaction is slightlj’ above pH 7 with no adjustment re- 
quired. The medium should bo stirred before and again after heating. 

Affa?' Slants. — The medium is tubed and slanted to provide a generous butt. 
The organi.sm (free of substrate) is stabbed through the medium to the bottom 
of the tube and then streaked over the surface of the slant. At 37° C. intense 
blackening of the medium first appeals along the stab or in the water, of con- 
densation, or both, in about fifteen or si.vtcen hours and continues to spread 
until the entire butt is jet black. The surface growth on the slant is j'ellow 
against the whitish agar. This gimrth becomes orange as incubation continues 
and furnishes direct evidence of growth. Heavj- inocula which refuse to grow 
on this medium do not assume this deep j'cllow color. 

Contrarj' to the findings of Vaughn and Levine," the coneentration of agar 
seems to increase sensitivitj’ of the medium to hydrogen sulfide. However, there 
is little or no increase in sensitivity above 1.5 per cent of agar. 

In several respects, evidence of hydrogen sulfide fonnation in synthetic 
medium differs from that in conventional peptone media, as will be noted from 
Tables I and II. It is obvious, of coume, that there ivill be no blackening of 
the medium if the organism itself cannot utilize citric acid as a sole source of 
carbon. This is illustrated liy two of the hj'drogen sulfide-forming members of 
the genus Salmonella, Salmonella clioleraesuis (variety from Kunzendorf) and 
Salmonella piillorinn, neither of which utilize citric acid as a sole source of 
carbon. Inoculation of S. pnlloruvi into syntiietic medium, to which dextrose 
had been added as a supplementarj^ source of carbon, was unsuccessful. The 
organism still was unable either to initiate visible growth or to form hydrogen 
sulfide during an incubation period of si-vtj' daj-s. 

Quite unexpected was the behavior of Salmonella sp. (variety from New- 
castle). According to Bergey" and others, this organism does not produce 
hydrogen sulfide. Moreover, this particular culture has been tested a number 
of times over a period of three yeare on peptone-ferric citrate agar, on peptone- 
ferrous sulfate agar (Kligler’s iron agar) and on peptone-ferric ammonium 
citrate agar without noting a single instance of hydrogen sulfide formation 
even after prolonged incubation. 

It will be noted in Table I that this Newcastle strain produces a very 
strong 1 plus blackening of the agar along the stab in this sjuithetic medium. 
It is quite conspicuous when the stab is made between the glass and the agar. 
Control tubes of Kligler’s iron agar inoculated simultaneously showed no trace 
of blackening. The reason for this may only be surmised at present. It may 
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Table I 

Salmonella and Paracolon Groups 


ORGANISM* 

SYNTHETIC ilEDIUM 

KLIGLER ’S 
IRON AGARt 

GROWTH 

HjS 

H,S 

S. sp. (variety from Newcastle) (l)t 

4* 

4- 


S. pullorum (5) 

- 

- 

+ + -t 

S. choleraesuis (1) 

— 

_ 


S. choleraesuis (variety from Kunzendorf) (3) 

- 

— 

+ + + + 

S. typhimurium (2) 

-f 

4“ 4- 4* 4- 

+ + -!- + 

S. sp. (Derby tj'pe) (2) 

+ 

4- 4- 4* 4- 

+ + + + 

S. sp. (Bareilly tv-pe) (2) 


++■>-+ 

44 + 4 

S. hirschfeldii (1) 

+ 

-4 4-4- + 

+ 4+4 

S. enteritidis (Gaertner) (1) 

+ 

4- 4- 4- 4- 

4 + 44 

S. sp. (Panama type) (1) 

A 

+ + + -!- 

4 444 

S. anatis (Eettger and Scoville) (1) 

+ 

+ 4-4-4- 

+ + -!-)- 

S. sp. (Oranienburg type) (1) 

+ 

+++-t 


S. sp. (Newport tj-pe) (2) 


++-1-+ 

4 444 

S. ,sp. (Senftenberg tj-pe) (1) 

+ 

+ + + + 

+ + 

S. sp. (Give type) (2) 

+ 

+ + + + 


S. sp. (Montevideo tv-pe) (2) 

■f 

+ + + + 

+ + -(- + 

S. sp. (Eubislaw type) (1) 


+ + + + ! 

+ 444 

S. sp. (Worthington tv-pe) (1) 


+ + + + 


S. sp. (Lexington tj-pe) (1) 


+ + + + 

4 + 44 

S. sp. (Kentucky tj-pe) (1) 

+ 

++++ 

4 + 4 4 

S. sp. (Bredene 3 - tv-pe) (1) 

4- 

+ + 4 + 

44 44 

S.'sp. (Newington type) (1) 

4* 

+ + + + 

+ 444 

S. sp. (California tv-pe) (1) 

4* 

+ 4 + + 

++++ 

S. sp. (Meleagridis tj-pe) (1) 

4 

+-t-t+ 

4 + 44 

S. sp. (Berta t.v-pe) (1) 

+ 

+ + 4 + 


S. sp. (St. Paul tv-pe) (2) 

■t 

+ + + -I- 


S. sp. (DEnois type) (1) 

4 . 

+ 4 4 + 

■t + + -!- 

“True” paracolon (6) 

4* 


+ + + -t 

“Pseudo” paracolon (3) 

4- 

- 

- 

“Pseudo” paracolon (1) 

- 

- 

- 


♦Organisms were typed and their identity confirmed by Dr. P. R. Edwards of Kcn- 
tuckj'" Agricultural Expermient Station. 

tNumbers in parentheses represent number of different strains used. 

JDifco Laboratories Inc.. Detroit. Jlich. 

Table II 


Escherichia and Aerobacteb Genera 


1 

ORGANISM j 

SYNTHETIC MEDIUM 

■niiil 

SURFACE 
GROWTH 1 

HjS 

H,S 

Eseh. coli (IS)* 

- 

- 

- 

Esch. freundu (5) 

4 

4 

4- 

A. aerogenes (12) 

4 

- 

- 

Coli-aerogencs “intermediates” (S) 

4 

- 

- 


♦Numbers in parentheses represent number of different strains used. 
tDifco L.aboratories Inc., Detroit, Mich. 


be that peptone media have a tendency to suppress hydrogen sulfide formation 
by this particular organism. On the other hand. Hunter and Crecelius’® tvere 
able to shotv that many organisms, including Esc/i. coli and Aerobacter acrogenes 
not normally considered as producing liydrogen sulfide, were alile to produce 
blackening of the agar when bisiiuith was used as a more sensitive indicator of 
hydrogen sulfide. The ability of tliis Newcastle strain to form hydrogen sulfide 
in twenty-four hours or ]e.ss in .s.vnthclic medium again emphasizes"' " that 
the ability of an organism to foi-m hydrogen sulfide is a function of the particn- 
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lar medhim used, and tliat wlioiiever lij'drogen sulfide production by an or- 
ganism is mentioned, it is important that the particular medium used be men- 
tioned also. 

All of the other Salmonella cultitrcs in our stock collection (except S. 
choUraesuis, S. choleraesuis [varietj’ from Kunzendorf], and S. pullormn) were 
able to utilize citric acid and Jto show dense blaekening of the medium, usually 
by the fifteenth hour. No cultures of SalmoneUa schottmiiUcri or Salinotiella 
paratyphi were available for testing on this medium. However, Simmons' re- 
ports S. schottmiilhri (li 3 ’drogen sulfide-positive) as citrate positive and S. para- 
typhi (hydrogen siilfide-ncgativc) as citrate negative. 

Ton strains of paracolons were .available for testing on this medium and on 
Ivligler’s iron agar. Six of them correspond to Dr. Edward’s ^definition of the 
“true” paracolon and liad been so classified by liim. Two of these were of tlic 
Zi tj'pe. The remaining four were nonhydrogen suifidc-fonning, sucrose- and 
salicin-fermenting strains designated as “pseudo” paracolons. All but one 
strain of the latter (DL-125) were able to utilize citric acid as a solo source of 
carbon. None of the “tnic” paracolons had fermented lactose in 264 hours, 
while all of the “pseudo” strains formed acid and gas from it after 72 to 192 
hours. 

All paracolon strains except one (DL-125) grew luxuriantly on the surface 
slant of the s.vnthctie mcdiuiu. However, onl.v tiie “pseudo” strains were able 
to grow equallj’ well deep wider the surface. The “true” paracolons apparently 
have diffieultj' in utilizing citric acid anaerobicallj* and this was reflected in 
meager gi’owth along the stab (Table III). 

Table ni 


OnOANISM 

SURFACE 
' OROWTII 

SUBSURFACE 
GROWTH (deep 
STAB) 

, BL.ACKEKIKG 

OK SYNTIIETrC 
AOAR 

BLACICEN'IXn 
OF KLTOLER'S 
IRON AOAR 

Paracolon (“true’') 

+ 

Slight 


+ + + + 

Paracolon (**pseudo”) 

4- or — 

Profuse (or -) 


- 

S. cliolcraesuis 

' - 

None 

1 - 

- 

S. choleraesuis (Kunzondorf) 

- 

None 

- 

+ + + + 

S. pullorum 

- 

None 

1 “ 

+ + + 

S. Newcastle 

1 + 

Profuse 

1 

- 

Other Salmonella 

' + 

Profuse 

1 + + + + 

+ + + + 


Although the “true” paracolons arc vigorous hydrogen siUfide producers 
on peptone media, all of them persistently have refused to produce any blacken- 
ing of the synthetic medium in st.ab inoculations (see below for possible excep- 
tion). 

Escli. coli, of coui’se, is unable to utilize citrie acid as a sole source of carbon 
aerobically. However, there is some evidence tlmt at least some strains ap- 
parently are able to grow to a slight degree just beneath the surface. This 
growth seems to be microaerophilic in nature rather than anaerobic and, in 
this respect, is similar to the habit of the “true” paracolons. 

Esch. frcinidii not only utilizes citric acid, but also forms hydrogen sulfide. 

The genus Aeroliacter grows luxuriantly aerobically and anaerobically but 
does not blacken the medium either with or without agar. Occasionall.v, bubbles 
of gas appear in the agar into which A. aerogenes has been inoculated. This may 
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Table I 

Salmonella and Paeacolon Groups 


ORGANISM* 

SYNTHETIC MEDIUM 

KLIGLER 'S 
IRON AGARt 

GROWTH 

H.S 

H,S 

S. sp. (variety from Newcastle) (l)t 

+ 

4- 

_ 

S. puUorum (5) 

- 

_ 

+ +-f 

S. choleraesuis (1) 

— 



S. choleraesuis (variety from Kunzendorf) (S) 


- 

+ + + 4- 

S. typhimurium (2) 

4- 

4-4-4- + 

+ + + + 

S. sp. (Derby tj-pe) (2) 


+ + + + 

+ + + + 

S. sp. (Bareilly type) (2) 

+ 

++++ 

+ + + + 

S. hirschfeldii (1) 

+ 

++++ 

+ + + + 

S. enteritidis (Gaertner) (1) 

4- 

+ + + + 

+ + + + 

S. sp. (Panama tj-pe) (1) 

+ 

+ + + + 

+ + + + 

S. anatis (Rettger and Scoville) (1) 

4- 

++++ 

+ + + + 

S. sp. (Oranienburg type) (1) 

+ 

++++ 

+ + + + 

S. sp. (Newport tj-pe) (2) 

+ 

++++ 

+ + + + 

S.,sp. (Senftenberg tj^pe) (1) 

+ 

++++ 

+ + + + 

S. sp. (Give type) (2) 

4- 

++++ 

+ + + + 

S. sp. (Montevideo tj’pe) (2) 

4- 

+ + + + 

-t + + + 

S. sp. (Kubislaw type) (1) 

4- 

+ + + + 

+ + + + 

S. sp. (Worthington type) (1) 

4- 

++++ 

+ + + + 

S. sp. (Lexington type) (1) 

4- 

++++ 

+ + + + 

S. sp. (Kentucky type) (1) 


4- + + + 

+ + + + 

S. sp. (Bredenej- tj-pe) (1) 

4- 

+ + + + 

+ + + + 

S.'sp. (Newington tj-pe) (1) 

+ 

+ + + + 

+ + + + 

S. sp. (California type) (1) 

+ 

+ + + + 

+ + + + 

S. sp. (Meleagridis type) (1) 

4- 

+ + + + 

+ + + + 

S. sp. (Berta tj-pe) (1) 

+ 

+ + + + 

+ + + + 

S. sp. (St. Paul tj’pe) (2) 

+ 

++++ 

+ + ■1 + 

S. sp. (Illinois tj-pe) (1) 

4 . 

+ +++ 

+ + + + 

“True" paracolon (6) 

+ 


+ + + + 

“Pseudo" paracolon (3) 

■+ 

- 

- 

“Pseudo" paracolon (1) 

- 

- 

- 


•Organisms were typed and tiieir identity confirmed by Dr. P. R. Edwards of Ken- 
tucky' Agriculturai Expermient Station. 

tNumbers in parentheses represent number of different strains used. 

JDifco Laboratories Inc.. Detroit, Mich. 

Table H 


ESCHERICHLt AND AEROBACTEE GENERA 


ORGANISM j 

SYNTHETIC MEDIUM 

KLIGLER ’S 
IRON AGARt 

SURFACE 

GROWTH 

HjS 

H;S 

Esch. coll (IS)* 


- 

- 

Esch. freundii (5) 

+ 

+ 

+ 

A- aerogenes (12) 

+ 

- 

- 

Coli-aerogenes “intermediates” (S) 

+ 

- 

- 


•Numbers in parentheses represent number of different strains used. 
tDifco Laboratories Inc., Detroit, Mich. 


he that peptone media have a tendency to suppress hydrogen sulfide formation 
hv this particular organism. On the other Jiand, Hunter and Crecelius’® tverc 
able to show that many organisms, including Esch. coli and Aerohacter aerogeiies 
not normally considered as producing liydrogen sulfide, were able to produce 
blackening of the agar when bismuth was used as a more sensitive indicator of 
hvdrogen sulfide. The ability of tliis Newcastle strain to form hydrogen sulfide 
in twenty-four hours or less in synthetic medium again emphasize.s’®’ that 
the ability of an organism to form hydi'ogcn sulfide is a function of the particu- 
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Liquid Mcdhm , — ^By omitting agar fixim formula, tlie medium nets 
like Koser’s citrate medium except that in adcliUoii to turbidity, there al^o la 
the orange reddening of the medium as an iL»duation of growtli. ll^'drogen 
sulfide formation may be detected bj- a blackenmc of sediment at the bottom of 
the tube. ' 

DISCUSSION 


It is believed that this new ferric ammonium citrate medium will .sor\e a 
useful and valuable purpose in several fields of bacterioIog>'. The value of 
existing citrate media has been confined, principall.v, to differentiating Esch. coli 
from A, acrogencs and the coli-acrogcncs intermediates. This new medium 
materially extends the usefulness of these media by providing a three-fold 
separation of (a) Esch. coli from (b) Esch. freitndii, and of both of them from 
(c) A. acrogenes and the citrate-utilizing, nonhydrogen sulfide-forming coli- 
aerogenes intemiediatcs. 

Within the genus Salmonella, the uscfiilne^ of citrate media, in the past, 
has been restricted to a few species or varieties, such as S. paratyphi, S. 
chdleraesuis, and S. puUor'uin, which are unable to utilize citric acid as a sole 
source of carbon. This new ferric ammonium citrate medium becomes an im- 
portant differential medium for this genus. On it, for example, S. sp. (variety 
from Newcastle) is shown to produce hydrogen sulfide. It is believed that this 
is the first time detectable hydrogen sulfide fonnation may have been reported 
for this organism. Because of this characteristic, this medium offers a valuable 
means for differentiating S. sp- (variety from Newcastle) from the other Sal- 
monella. The appearance of the Iiydrogcn sulfide reaction differs so markedly 
from that of other Salmonella that little or no confusion is likely. 

This ferric ammonium citrate syntlictic medium used m coniunction with 
one of the conventional peptonc-hydrogen sulfide indicator media should be of 
material aid, also, in tlie differentiation of S. pullonim, S. Meraesms, S. 
clioleraesuis (variety from Kunzendorf), and S. paraiyp it. 

A synthetic medium is described which demonstrates the presence or absence 
of detectable hydrogen sulfide produced by those bacteria capable of utilizing 

citric acid as a sole source of carbon. , 

It may be used in agar slants either as a plating medium or (in liquid form) 
as an alternative to Koser’s citrate medium. , • , , 

Bacteria either grow or do not grow on the medium, depending on whether 
they are able to utilize citric acid. 

Those bacteria whieli do grow on it may rnay not form hydrogen sulfide. 

Intense blackening of the agar occurs within fifteen to twenty-four hours 

after inoculation. ■ , , .. 

The ability to form detectable hydrogen sulfide seems to be confined spec.fi- 
of organisms and to Esch. freundn. 


cally to the Salmonella group 


S , . . , £^ 0 ^ Newcastle), previously considered as not forming 

hv/iJ nnnristently shows a 1 plus blackening of the agar witliin 

t?. in this medium. This should prove a valuable means of 

if this characteristic is found to hold true generally 

luentifying this organic"* 

lor all Newcastle strains- 
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The Newcastle strain which produces a 1 plus blackening in test tube' slants 
fails to do so in Petri plate inoculations. 

The paracolons, which readily form hj'drogen sulfide in peptone media,, fail 
to do so in test tube slants of s.tmthetie medium. 

The Z4 paracolon, which does not prodiiee hydrogen sulfide in test tube 
slants of synthetic medium, produces black colonies on streak-stal) Petri plate 
inoculations. 

Some of the Salmonella group which form hydrogen sulfide on peptone 
media do not grow on the synthetic medium. Tliese tu'o media used together 
provide evidence of value in ditfei-entiating various members of the Escherichia, 
Aerobacter, Salmonella, and paracolon groups. 

■ It is believed that this may be the firet instance where a synthetic or a non- 
peptone medium has been used to detect hydrogen sulfide formation by bacteria. 
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THE APPLICATION OF A HOT WIRE AND THERJIGCOUPLE FOR 
RECORDING SURl’Af:E PFLSATIONS IN THE HUMAN BODY* 

FRKDKiiicK C'ni.ni'irri.u. PhD, and Ek.v&t Gardn'er, JI.D. 

Ia)s AN(iEus, C»rAr. 


A GREAT deal of iiipromiity has been ilemoiistratcd in the development of 
aV methods foe roeordhi" .irtenal, venous, and other pulsations from the sur- 
face of the liuman ijody. Tiie older sphycnuosraplis (Wi"p:ers, 1923^) employ a 
button, sprinfr, or oup applied to the skin over an arteiy and transmit the move- 
ment to a lever a.vstcm or to a rolumn of air oonnccted to a recording tambour. 
These have been largely supplanted, where accuracy of registration is desired, 
by instruments having a higher figure of merit In one tj-pe of transmission in- 
•strument, the pulsations are picked up by a button, capsule, cup, or plcthy.smo- 
graph and led to a segment capsule or simdar device, the movement.s of which 
are opticall.v recorded (Wiggcrs. 192S.' Bolton, Carmichael, and Stump, 1936;’ 
Turner, 1937*). Pulses in a finger have also been obtained by transmission 
plethysmographs in which the movements of a drop of fluid (Johnson, 1932’) 
or of a water meniscus (Goetz, 1934,’ 1940’) are photographed. Records of the 
pulse have also been made in teims of the change in resistance of a carbon micro- 
phone (Wand, 1924;’ Turner, 1928”) or of a cr.v.stnl microphone (Hiller and 
White, 1941’”) or b.v the change in electrical capacitance of a condenser unit 
(Penning and Bonar,. 1939;" Penning, 1943"). The demonstration by Bons- 
mann (1934)," that a photoelectric cell is capable of detecting differences in the 
blood .supply to a region, led to the development of photoelectric pulse recorders 
for regions such as the fingers, toes, ear, and nasal septum (Hertzman and 
Spealman, 1937;’* Hertzman, 1937;"'’' Matthes and Hauss, 1938"). The 
change in electrical impedance of a region between electrodes with variations in 
blood supply has been used as the basis of. a pulse-recording method by Mann 
(1937)" and Nybocr (1944)." Although not giving any results, Asher and 
Hopf (1935)" have devised an interesting arrangement whereby variations in 
blood supply to a region, such as the arm, result in an unbalance between the 
outputs of two vacuum tube oscillators,’ which unbalance, after rectification and 
amplification, is translated into the defleetions of an oscillograph. 

To minimize inertia. Hill (1921)"'" used an air transmission system in 
which the movement.s of air resulting from each pidso cause a cooling of a very 
fine, heated wire, thus resulting in a change in resistance of the w'ire and un- 
balancing a Wheatstone bridge, of which the wire is a part. As Hill himself 
points out, this method is of value in determining certain time relations but 
it gives no accurate picture of the movements of the artery. Wishing to utilize 
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the movement of a small mass of air, as Hill did, but hoping to improve the low 
frequency response of such a system, "we have devised a simple arrangement em- 
ploying a thermocouple and hot vdre. Although this method does not give an 
exact representation of the pulse, it succeeds, as will he shown, in portraying the 
main components in their proper time relations. 

DESCRIPTION OF THE PULSE RECORDER 

The unit (Fig. 1) consists of a lucite block with a transverse hole, into 
which are cemented two cylindrical lucite pieces SJ. On one of these 
pieces is mounted a copper-constantan thermocouple, the diameter of the copper 
and constantan wire being 0.001 inch. On the other piece is placed a small 
helical coil (7i) wound from 0.003 inch diameter nichrome vnre. This coil is 
mounted so that it is aligned with one edge of a 1 mm. opening {Q) drilled 
longitudinall}’’ through the lucite block. The active junction (t) of the thermo- 
couple is about 0.5 to 1.0 mm. away from the coil but aligned with the center 
of the opening (Q). The basic idea is that the coil, heated by means of an 
electric current, results in the formation of a small pocket of warm air in front 
of the active junction. The pulse then causes a movement of warm air against 
the active junction, resulting in a signal (E.M.P.) which is first amplified and 
then recorded oseillographieaUjL The heat capacity of the active junction 
should be minimized by keeping the mass of the soldered joint as small as pos- 
sible. The inactive junction is, of course, the junction between the constantan 
wire and one of the copper lead-off wires (t.l.). Its mass, and therefore heat 
capacity, is made large relative to that of the active junction, so that it will be 
influenced only by slow changes in temperature. One end of the lucite block 
is provided with a receiver (J?) having an internal thread into which can be 
fitted any one of the adaptere which are used in leading off from the pulsating 
surface. To obtain maximum sensitivity, these adapters should fit accurately 
so that no leaks exist. AVe have employed plaster of Paris molds of the surfaces 
to be fitted. Adapters for the finger, the neck (carotid artery), and the wrist 
(radial artery) are pictured in Pig. 1. 

In actual practice the heating 'current for the coil is supplied by a 3.0 volt 
source. This is sufficient to bring the coil, whose resistance is 8 to 10 ohms, to 
a reddish glow. The relatively small signals (50 to 200 microvolts, records T, 

U ; Pig. 2) are first amplified by means of a three-stage, high-gain, resistance- 
capacitanee-eoupled amplifier', of variable time-constant, and then fed into a 
cathode ray oscillograph. The maximum time-constant of 2.0 seconds (record 
F, Pig. 2) was alwaj's employed when accurate registration of the signal was 
desired. The entire instrumental problem can be greatly simplified if a high 
sensitivity galvanometer of adequate period, such as one of those emploj'ed in 
geophysical work, is available. 


RESULTS 

1. Finger Pulses . — It is our experience that the finger pulse is easily and 
quickly recorded with this method. For success it is essential to use a snugly 
fitting adapter in which the dead space is reduced to a minimum. The adapter 
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can easily be made snng’, yel nonconslrietivc, by depositing several la.yers of 
plaster of Paris bandages over a thin rubber mold ]i]aeod on the subject’s finger. 
When the plaster has dried, the rubber is I’enioved, leaving the finished adapter. 
Finger pulses from seven individuals are pictured in records A to //. Fig. 2. All 
of these were obtained from healthy adults except for record IT, which repre- 
sents the pulse from a 63-year-old patient with hypertension (blood pressure, 
160/120) and slight arteriosclerosis. 


NMIIitlftlKUIIIIIIIIttllllMIIIII 

A 

IMIllllMIIIMIIIIMInniiMKniiMii 


l!lll||llllll!!l!llllllllllllllllllll!l 


c 

M I M I I M I 1 I I I I I I I 


O 




iiiiiiiiiiiniimriiiiiiiiiiniiiii 

> Mill II I ri I Ml rii III II IIMMIII 



Q 


lllllllliltllllUIIMIIIIIIIlin 


iiiiiiMiniiiiiiiiiiiiiiiiiiiiiiiii 


iiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiii 




B 

mriTniiiiiriiiiiKiiiiiiii 

.jgUJUUUU 

.o 

AAAAjUVAA/A 

H 


llllllll(llilll(IIIIIIIIIillll 


M 

iinuiuuiiiiiiniilliiiiiiiiii 


IIIIIMIIIIIIIIIIIIIIIIIII 

^isAsAsA'AsAJUA 


llllllllllllllllltlllllll 

s 

t-\wULA^V-1 I 

T U 

V 


Fiff. 2. — Photographs of records tahen with the cathode ray oscillograph to show the 
pulse from various regions of the body. Records Dj E, I, J, and T were all obtained from the 
same person (E. G.) ; the others were taken from different individuals. Record JT Is a finger 
pulse to be compared in magnitude with a record, U, showing a 100 microvolt, 60-cycIe sine 
wave (arrow shows amplitude). Record V shows the response of the amplifier to the “on” of 
a square wave. The time line in all records indicates 0.2 second. 


The wave form of these finger pulses was evaluated by comparing it with 
the fonn of the finger piilses obtained from the same individuals but using the 
photoelectric method. In Fig. 3 are shovui ti-aeings made from enlarged pro- 
jections of the photographic records from thi’ce individuals. In this figure the 
finger pulses obtained with the present method (B) are compared with the 
finger pulses recorded by means of a phototube (A). The accuracy of registra- 
tion of the finger pulse by the photoelectric technique has already been checked 
b 3 ^ Dillon and Hertzman (1941).-^ It will be seen that the primary wave, the 
dicrotic wave, and the dicrotic notch appear in the same time relations in the 
pulses obtained "with both methods. The chief difference between the two pulse 
forms is that the eataerotic limb, instead of falling slowly as it should, descends 
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more rapidly in tiie thonnoeleetrieally obtained pulse. In other words, the dis- 
tortion is one due to the faihu’e of the thermocouple to record slow changes. 
This leads to the appearance of the dicrotic wave much lower on the catacrotie 
limh than it actually should he, hut the time relations arc aeeurately reproduced. 





Pig. 8.— The finger nuUc from three persons obtained thennoclectncally, S. voniharetl 
'vith the same pulse recorded with a phototube. A. TJme line Indicates 0.2 second. Explana- 
tion In text 


A similar comparison of tlie pulses obtained by means of the thermoelectric 
method -with the pulses recorded by Dillon and Hortzman (1941),®^ using the 
photoelectric cell, has led to the same conclusion that appears from a study of 
Pig. 3. The wave form may be further evaluated by determining the crest time; 
that is, the time to maximum of the pi'imary wave (Table I). The mean figure 
for the digital crest time of normal subjects obtained by Dillon and Hertzman 
(1941) ,=*3 using the photoelectric picthysmograph, is 0.127 second. The dif- 
ference between the latter figure and that given as the mean in Table I is hardly 
a significant one. 

Table I 
Finger Folses 



SUBJECT 

CHEST TIME 
(SEC.) 


F. C. 

0.114 


J.M. 

0.127 


J. W. 

0.125 


E.S. 

0.131 


E. S. S. 

0.119 


0 . s. 

0.111 


Mean, 

0.121 
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It is of some concern to inquire whetlier differences in details of construc- 
tion are critical in tlie operation of tlie unit and in the results obtained with it. 
Six units Avere made according: to tlie general diagram of Fig. 1. In these there 
ai'e minor A'ariations in the size of the aetivm .iunction, the resi.stance of the 
aeth'e junetion (3 to 5 ohms), tlie position of the actiAT .iunction AA’ith respect to 
the heating- coil, and the position of the heating coil Avith respect to the opening 
(Q). Tracings of the same finger pulse obtained AAdlh these .six units {A to F) 
and Avith a phototube {G) are presented in Pig. 4. Aside from differences in 
sensitiAuty fi-om one unit to another, the AA'aA-e form for the different units is 
quite similar. Thus if reasonable care is employed, unaA’oidable Amriations in 
construction make no difference in the operation of the unit or in the results ob- 
tained through its use. 

Another pertinent detail is the relation betAA-een the degi-ee of heating of the 
coil and the operation of the unit, especially Avith regard to its sensithuty. In 
records F to 4/, Fig. 5, are iiresented some finger pulses taken AAnth heating coil 
curi-ents A-arying from 320 milliamijeres (reeoi-d F) to 150 milliamperes 
(record M). There is a diphasic distortion in these records due to the use of 
one of the shorter amplifier time-constants, but this does not influence the con- 
clusion that for a considerable range of coil current the unit retains a constant 



FIs- 4 The anger pulse obtained from one subject using six different units, records 

A to F, and a phototube, G. The same amplifier gain was used tlirougliout. Time line indi- 
cates 0.2 second. Explanation In text. 


sensithdty and yields similar results. It is only AAdien the coil current goes 
beloAV about 250 milliamperes that a significant loss in sensitiAuty results. Since 
the unit is independent of the degree of heating of the coil OAmr a AAdde range, 
the possibility of error due to inadAmi-tcnt A'ariations in the heating current is 
eliminated. This series of records also illustrates the need for a heating coil, 
since a thernioconple alone does not possess the same degree of sensithfity as does 
the combination. 

Because of disturbances due to movements of the air, resulting from activity 
in the hand or fingers, it is essential to Ioioav Avhether the opening (<?) must pass 
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completely through the unit to the outside. To oihatu au atwwer, tlie finger 
pulse was first rceorcled ivitJi tJie opening- IQ) closed off by a .small strip of ad- 
he.si%’e (record 0, Pig. 51, The strip was tlieii removed and Die norma! finger 
pulse was obtained (record P, I'fig. 5). It is obvious that sealing off the opening 
loads to reflected air waves and interferences wiiich prevent Die use of the 
unit as a pulse recorder It might be possible to obtain a usable in-strument by 
scaling a cup, the voluiiu' of which is liirge eoiiipared to the volume inside the 
unit, over tlie end of tiie incite block We have not altcm))tcd tills, since it is not 
too difficult for the uoriniil subjevl to inaintam a steail.v po.silion long enough to 
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• and £ indicate the graduai fall in 
■ ; jcates 0.5 second. Record jV shows 

finger pulse. Time line in records 


^ai'er photoeeu. uie ouu'oi 
was taken with the cult pre.^- 
mm. of mercury but slowly t 
cuff pressure to zero. Tlie tii 
the effect of one deep inspLra 
R to 9 indicates 0.2 second. 
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record a considerable Jengtli of I'eeord, bat some modification of lliis type might 
be necessary in recording the pulse from individuals with an uncontrollable 
tremor. 

2. Toe Pulse . — The pulse from the toes is easily obtained with this method 
if the precautions mentioned in connection Avith the finger pulse are used in the 
construction and application of the toe adapter. A toe pulse taken Avith the 
same amplification as used in obtaining the finger pulses is shoAvn in record I, 
Pig. 2. The same toe pulse using a higher amplification is given in record J, 
Pig. 2. There is some distortion in this record due to the necessity of having to 
increase the amplifier screen voltages in order to obtain the higher gain. 

3. The Pulse From Other Regions of the Body. — The brachial, radial, carotid, 
and temporal pulses are someAvhat more troublesome to obtain properly than are 
the finger and toe pulses. This is because of the difficulty of getting an adapter 
that Avill fit snugly and properly in relation to the pulsating surface and because 
of movements AA'hich produce artifacts and disturbances. The bi-achial pulse 
(7f, L), the radial pulse (ilf, N, 0), the carotid pulse (P, Q), the temporal 
pulse (2?), and the apex beat (S) are presented in Pig. 2. For a comparison of 
the pulse A\mve form from Amidous regions, tracings made from enlarged projec- 
tions of the photographs are presented in Pig. 6. Records A, B, and C Avere ob- 
tained from the same person and shoAV, respectively, the finger, the carotid, and 



Fig. 6. — The pulse from various regions of the body compared. Explanation in text, 

the radial pulses. The brachial pulse (2>) Avas taken from a second individual, 
Avhile record P is a toe pulse from still a third person. It appeare from these 
tracings and from the actual records that not onty the dicrotic Avave but also 
predicrotic and postdicrotic components are brought out. 

A poorly fitted adapter in regions such as the carotid, radial, brachial, or 
temporal may result in a deflection of rcAmrsed polarity. An example of this is 
indicated in record Q, Pig. 5, Avhere a small upward deflection (in the usual 
direction) is folloAved by a main sAving doAvnAvard. Whenever this situation has 
arisen, it has been possible to eorrect it by either changing the position of the 
adapter or by replacing it Avith a better fitting one. Apparently in such cases 
a leak betAveen the skin surface and the adapter results in the inti’oduction into 
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the unit of room iiir which is cooler than the air normallj’ withiu the imit. jIs a 
consequence there occurs, mtli each pulse, a coolinK, rather than a Avarminq, of 
the actir’e .iuiietioii. 

DISCUSSION 

It would appear from the introduction to this report that a sufficient num- 
ber of adequate teeiiniqucs for recording surface pulsations already exists and 
that another method is merely superfluous. It is debatable, hoivei'er, whether 
a simple, portable, and accurate method capable of registering the pulse from 
various regions of the body is available. The methods employing segment cap- 
sules and optical registration arc c.veclleiit for research work but are not con- 
venient for use in a portable sphygmograph. Some methods, such as those of 
Asher and Hopf (ISSS)'" and Nyboer (1944),'® make use of relatively comple.\- 
electronic circuits which miglit require repeated attention. The photoelectric 
method is ideal for recording the pulse from tlie pinna, the finger, and other 
regions Avherc a sufficient amount of light is transmitted, but its use in sucli 
regions as the wrist and neck presents maaor difficulties. The methods of John- 
son (1932)' and Goetz (1934)‘ make use of relatively simple and portable ap- 
paratus, but there is always tlie question of wlietlier enough sensitivity is avail- 
able for all circumstances. It is possible that by employing a photoelectric cell 
instead of photographing tlie moA'ements of the drop or meniscus, an increase 
in sensitivity could he achieved, but the figure of merit of such a system should 



Fie. l.^The radial pulse taken by three methods. A is a hot ^re record. ^ Is a Prank 
capsule record and O is a record taken with the method described in this report. Time line 
fo? a is MtleSSSai (or B, 0 1 second; and (or O 0.2 second. Explanation In text. 


he under suspicion until adequately checked. The teehnique.s tvliieh employ 
a piezo-eleotric crystal (Miller and mUe, 1941'“) and a capacity pick-up 
(Penning and Bonar, 1939") have not been fuiiy tested, hut they do offer in- 
teresting'’ possibilities. The method of Hill (1921)"’« is intriguing because 
of its simplicity and because it reduces problems of inertia to a minimum, but 
the pulse wave fonn obtained rvith the hot wire departs considerably from the 
true wave form, A comparison of the radial pulse taken bj' (1) the method of 
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Hill, (2) a Prank capsule, and (3) the thermoelectric method herein described 
is made in records A, B, C, respectively, of Pig. 7. Kecord A was reproduced 
from a figure given by Hill (1921),== while record B was traced from a record 
in the paper by Bazett and Dreyer (1922) .’•* It will be seen that the primarj' 
deflection occurs very early in the pulse recorded with the hot wire and that the 
dicrotic wave is not indicated at all. These facts were recognized by Hill, who 
did not intend that his method be used in any way except in measuring pulse 
velocity and time relations in circumstances where knowledge of the true wave 
form is not necessaiy. 

The present themioeleetrie metlmd shares, along with the hot wire tech- 
nique, the advantage of a system with minimum inertia. It sliould be empha- 
sized that it, too, does not give a truly exact picture of the pulse, although it 
does portray the main contours in their proper time relations. The method is ex- 
tremely simple to use, especially when recording the finger pulse, and it may 
serve a useful function in problems where the lou' frequency distortion is of no 
consequence. Although we have employed a I’atlicr complicated amplifier 
coupled with a cathode I'ay oscillograph, there is no good reason why a fairly 
simple and stable amplifier feeding into a sensitive but I'Ugged galvanometer 
could not be employed, thus making the entire apparatus compact and readily 
portable. 

It might be of value to indicate some possible applications of the thermo- 
electric technique. Records A to E, Pig. 5, show the left index finger pulse, the 
carotid pulse, respiration, and the pressure in a cuff about the left 'arm. A 
measurement of the time displacement of the pulse waves in the carotid and 
finger pulses, a displacement which is clearly evident in the reeords, plus a 
measurement of the added distance traveled by the pulse in reaching the finger, 
should give a figure for the calculation of tlic pulse velocity. For the photo- 
graplis in record A, the pulse velocity, when the above measurements were made, 
was 8.2 meters per second. The reeords {B, C) showing the appearance of the 
pulse as the cuff pressure is slowly reduced from 160 mm. of mercury indicates 
the possible use of this unit in blood presssure determinations. A record of the 
effect of one deep inspiration (record N, Fig. 5) indicates the ability of the 
unit to detect peripheral circulatory changes. It has been pointed out by a 
number of investigators (Dillon and Hertzman, 1941”'') that the digital crest 
time is increased in such conditions as arteriosclerosis and hjq^ertension. We 
have had occasion to examine one patient vith ]i;\"pertension; a record of the 
finger pulse is shown in record 11, Fig. 2. The mean crest time for this pulse 
was 0.169 second, whereas the mean value for six normal subjects (Table I) was 
0.121 second. This one observation, of course, has no statistical meaning, but it 
does indicate the need of examining the method further for possilile use in cases 
where a change in configuration of the pulse wave occurs. 

SUMMARY AND CONCLUSIONS 

1. For the registration of the pulse from the surface of the human body a 
method is described which employs a heating coil and thermocouple. The 
method makes use of the E.M.F. developed across the two junctions of the 
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tliennocouple as a small mass of \vai*m. ah* impinges upon the active junction 
with each pulse. 

2 : Records are shown of the pulse obtained from the fingers, toes, radial 
artery, brachial arfeiw, carotid artciy, temporal artery, and the apex beat. 
The precautions nece.ssary for getting a successful record with this method, as 
well as some of the technical details connected w'ith its operation, arc pointed 
out. 

3. Tlie metliod lias been evaluated by comparing the finger ijulse obtained 
through its use with records of the finger pulse recorded by means of the photo- 
electric plethysmograpb. It is shown that the pnmary pulse wave and the sec- 
ondary waves are portrayed in their correct time relations. The digital crest 
time agrees well with figures previously published and obtained udth the photo- 
electric technique. The chief limitation of the method results from its poor 
low frequency response, so that the catacrofic limh descends prematurely, caus- 
ing tlie dicrotic notch and dicrotic ivave to appear low in the record. 

4. A number of possible applications for the technique are suggested, in- 
cluding its use in the nicasurcmeiit of the pul.se velocity, its use as a unit in 
blood pressure determinations, and its possible emplojTUcnt in cases of dis- 
turbance in the time relations of the component.s of the pulse wave. 

^Vo wish to exj^rcss tvpprcoiation to Hr. Gordon H. Scott for Jiis help and encourage' 
meat throughout the progrc«s of this work. To Lois L. Shwnrtz are due our thanks 
for the construction of the photoelectric pressure recording unit mentioned in this paper, and 
to Dr. A. \V. Martin of the Unirersity of Wasliington. Seattle, we are indebted for the loan 
of tho oscillograph, the amplifier, and acce.««ory pieces of equipment. 
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KEMOYAL OP BACTERIAL PYROGENS FROM PROTEIN 
HYDROLYSATES 

Charles A. Zitile, Ph.D., IIenrv B. Dfivf.rx, Ph.D,, 

Gertrude Rod.vey, Ph.D., and JIariaxne Welcke, A.B. 

Detroit, ifiCH. 

T he intravenous administration of amino acids has become of increasing 
importance in medicine witliin the last five yeare. Purified amino acids have 
been used for this purpose in some instances.'- = The cost Is high, hoivever, and 
as a result the amino acids have nsuall.v been provided by protein hydrolysates.®'® 
The preparation of enzymatic'- * and acid" hydrol.v.sates of protein has been 
described, u-ith casein the protein of choice. The nutritional qualit.y and 
utilization of the final hydrolysates have been studied in laboratory animals.'- ”■ 
An important requirement of such hydrolysates, in common p-ith all substances 
for intravenous use, is freedom from bacterial pj-rogens (fever-producing sub- 
stances)." A method for removing pyrogen from crystalloidal solutions has 
been deseribed,'® but there have been no reports on the removal of p.vrogen from 
protein hydrolysates. Procedures for determining the concentration of pyrogen 
and its reduction and eventual elimination from protein hydrol.vsates are re- 
ported herein. 

E.XPERIJIENTAL 

Determination of the Concentration of Pyrogen. — A standard test for the 
presence of bacterial pyrogen is now available;'®- however, the range of con- 
centration of pyrogen over which a proportional temperature rise is obtained 
in the rabbit is too short to bo utilized for quantitative purposes. Typical data 
for the temperature rises obtained with various amounts of purified pyrogen are 
shown in Table I. Similar data have been published by others." Recently 
the leueocytosis accompanying the injection of pyrogen was reported" to be 
appro.vimately proportional to the amount of pyrogen. However, the data show 
that the proportionality is no better than that indicated by the temperature 
rise. 

The concentration of pyrogen was determined from the minimal reactive 
dilution.'® This phase of the study was facilitated by a preparation of a purified 
pyrogen, helpful both for determining the amount of p,vrogen and the capacity 
of filters to remove pyi-ogen. From the data in Table I and other comparable 
experiments it was concluded that approximately 0.01 gg. of pyrogen will give 
a perceptible temperature rise in rabbits. In testing for the pyrogen content, 
protein hydrolysates are diluted until an equivalent peiceptible temperature 
rise is obtained on injection into rabbits. The pyiogen content can readily 
be calculated from the dilution of the bj-droh-sate and the minimal reactive 
dose of pyrogen of 0.01 pg. The results indicate only roughly the amount of 
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pyrogen involved since the standard of comparison is not completely purified 
and dilferences in the reactivity of pyrogen fi'om different bacterial sources 
have been reported.’® 

Three to five rabbits were used for each test. The amounts of the substances 
indicated are the dosages per Idlogram of weight. The volume of the purified 
pyrogen solution injected was 1 c.c. per kilogram ; of the hj’^drolysate, 10 c.c. 
per kilogram. 

The purified pyrogen was prepai-ed by a modification of the method of 
Welch and co-workers’® from Pseudomonas aeruginosa. 

The pyrogen content of an enzymatic protein hydroh'sate is shown in 
Table I. It contains over 0.01 ng. of pyrogen per milligram of In-drolysate, 
Other enzyme preparations have contained as much as 0.01 yg. in 0.1 mg. In 
repeated determinations vdth the same type of preparation, tests -with only 
two or three dilutions were sufficient to establi.sh the amount of pyrogen present. 
A large number of tests has been performed with the acid hydrolysates. The 
limitations of these data are shown by a typical experiment in which 5 mg. 
of hydrolj'sate gave a minimal reaction whereas 3 mg. did not. 


Table l 

Tejjpeeature Eise Produced ix Habbits by x Purified Pyrogex axd by Proteix 

Hydrolysate (Enzyme) 


purified pyrogex 
(uo) 

TEMPERArURE RISE , 

c.) 1 

PROTEIN’ HYDROIiYSATE 
(ENZYME) 

(MQ.) 

temperature rise 
c C.) 



500 

1.6, 1.2, 0.8 



50 

1.8, 1.7, 1.6 


1.5, 2.3, l.S. 1.6, 1.2 

25 

1.3, 2.0, 1.1 

1 

1.0, 2.4, 1.7 

10 

0.9, 0.6, 0.3 

0.1 

0.6, 1.5, 0.9 

5 

0, 0.7, 0.9 

0.01 

O.SO, -0.1, -O.lf 

1 

0.3, 1.2, 0.9 1 

0.001 

0.5, 0.4, 0.3 t 

0.1 

0.3, 0.4, Of 


•Tivo rabbits of this group died. 

tA temperature rise exceeding O.G° C. is indicative of pyrogens.’^'’" 


Preparation of Protein Hydrolysates . — To obtain a pyrogen-free enzjTnatie 
digest, it was concluded on the basis of comparison of enzj’matie hi’di’olysates 
of casein and human globin that the protein used should be essentially free of 
pyrogens. A pyrogen-free preparation was obtained from human red cells, 
collected aseptieally and digested with fresh beef pancreas, precautions being 
taken to maintain sterile conditions throughout. Studies with this material 
were discontinued, however, because human globin is a deficient protein’” and 
its availability is uncertain. Attempts to use this method with casein were 
unsuccessful because of its initial high content of pyrogen ivhich could not be 
removed in subsequent operations. A small amount of pjn'ogen can be removed 
by Seitz filtration from water and from amino acid solutions, but it is difficult 
to accomplish when peptides are present as in enzjunatic hydrolysates. 

Since pyrogen-free proteins are not readily available, recourse was had to 
hydrolysis with acid, which destroj's the pyrogen. Acid hydrolysates can read- 
ily be prepared by methods in general use”” or those devised for preparing 
hydrolysates for bacterial nutrition.”’ Alkaline hydrolysates” were not con- 
sidered desirable because of the racemization of the amino acids and the destruc- 
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tion of some of them. Since acid destroys ail of the tryptophane, this essential 
amino acid must ije added to acid hydrolysates. After the addition of tryp- 
tophane, preparations -were tested for their aliility to support the growth of 
rats,'^ since recent studies have indicated that the human requirements are 
similar to those of the rat.*^- 

After tiic acid used for hydrolysis ^vas removed, bacterial contamination 
was avoided, as far as i)ossiblc, to prevent the re-entry of pyrogen. The finjil 
hydrolysates m’ci-c tested for pyrogens, the small amount of pjTogcn usually 
pi*esGnt (about O.Ol /ig. in from 2 to 5 mg.) being removed by Seitz filtration. 
After filtration the pyrogen content was less than 0.01 iig. per 100 mg, of 
hydrolysate; that is, 10 o.c. per kilogram of a 10 per cent solution gave no re- 
action in a rabbit. 

A typical, dried casein hydi'olysate contained 12.5 per cent total nitrogen, 
6fi.2 per cent of whicJi was amino nitrogen, 4 2 per cent moisture, and 2.3 per 
cent ash. 

i?cmoL*flZ of Pijrogen: Tlie bacterial pyrogens arc extremely soluble sub- 
stances which appear to be polysaccharides.*^- *’• *' In one case they have been 
reported to be nitrogen-free.*’ The purified pyrogen which we have isolated 
also has been largely polysaccharide in nature. Furtlier study will probably 
provide a specific means for the destruction or removal of pyrogens from solu- 
tions, although none is available at present. None of the various methods tried 
for the removal of pyrogen has been adequate when a large amount of pyrogren 
was present. Filtration through asbe.stos pad.s (Seitz or Krtel) by the method 
of Co Tui and Wright*’ has been successful when the amount was small. 

Table II 

Rbjioval of Pyrogen From ^’■ARIOOS Solution's an'b Protei.v Hydroltsates by PrLTRArro.N' 
TiiROuon A Seitz Fap 


SUBSTANCE PE3: 1,00^ C.C^ _ ( SQ. CM.) 

Purified pyrogent in water 5,000 64S 

Casein hydrolysate (acid), 10% 300 65 

Casein hydrolysate (enz.’k'me), 10% 10,000 2.6,000 

Purified pjTTOgen in 10*% pyrogen-f»ce ca.soin hy- 1,000 > 648 

drolysate (acid) 

•In actual hractice the \oluriie of s-olution which could be freed of pyrogen by passage 
throug:h two pads 20 cm. In diameter (6I8 sq. cm.) was Cetermin^d. 

tA temperature rlss exceeding O.C* C 's indicative of pyrogens.'**” 


A summaty of the results of tlie removal of pyrogen by filtration is given in 
Table II. PuHfied pyrogen, 5,000 ,ig, dissolved in 1,000 c.c. of water, was re- 
moved by filtration in an Ertel filter” through two S-3 Seitz pads (618 sq. cm,). 
Additional experiments allowed that this was the absorptive capacity of Hie pad.s. 
Each square centimeter of pad removed about 10 /tg. The Ertel No. 0 pad.s were 
no more effective tlian tiic Seitz pad.s. Co Tui and Wrigiit” reported tlie removal 
of 100 ng. of a, less active pyi-ogcii per square eentiiiieter of tlie Ericl pad. Un- 
fortunately tlie.se data were not directly appliealile to jirotcin hydrolysates. 
The pad area inquired to reniovc equivalent pyrogen from enzyme liydrolysates 
was at least twenty times as great as that required for pure pyrogen in water. 
The area required for acid liydrolysates was almost the same as for pjTogeii 
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removed from water. In some experiments larger areas were required tlian for 
the example shown in Table II. That this was due to the amino aeids and not 
to a difference in the properties of the pyrogens was shown by the experiment 
in which the purified pyrogen was added to an acid hydrolysate prewously 
freed of pyrogen. Filtration was much less effective than with the equivalent 
amount of pyrogen added to water. The difference between acid and enzj-me 
hydrolysates was probably due to the presence of polypeptides, since the former 
is 100 per cent hydrolj’zcd, whereas the latter is only 63 per cent hydrolyzed. 

DISCUS.SION 

The method described for the quantitative determination of pyrogen is 
time consuming. Further stud.y of the bacterial pyrogens may reveal specific 
properties on which a more rapid determination can be based. Such knowledge 
also ma.v reveal more satisfactory means for their destruction or removal. From 
a practical standpoint, the quantitative removal of small amounts of pyrogens 
from complete hydrolysates is feasible, but their remo^’al from partial enzyme 
hj’drolysates is impractical. In the use of large filtering areas the possibility 
of loss of essential amino aeids must be kept in mind. 


.SUJIMARY’ 

A technique based on the minimal reactive dilution is described for de- 
termining the bacterial p.m'ogen content of protein hydrolysates. The test is 
used in the preparation of protein hydrolysates (acid) which are freed of 
P 3 T.’ 0 gen bj' means of Seitz filtration. Kesults showed that partial h.vdrol.vsates 
(enzjnne) could not be freed of pj'rogen b,v Seitz filtration. 
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THE TITRUIETEIC DETERMNATION OF POTASSIUM IN 
TUNGSTIC ACID FILTRATES 


N. E. Stephenson, il.A., Ph.D. 

Toronto, Can, 

rNTRODHCTION 

T he basis of several melhods'"* for the estimation of potassium in serum 
and plasma has been its precipitation by the addition of the eobaltinitrite ion 
to the preparation. However, in such procedures a mixture of insoluble salt 
complexes, namely, IC 2 NaCo(N 02 )s and K 3 Co(N 02 )e, is almost always fomied 
which necessitates the determination of a conveision factor to obtaui the true 
values for the amount of potassium in the precipitate. In the method to be 
reported in this communication it has been found that the potassium is 
quantitatively combined unth the eobaltinitrite ion, and evidence is presented 
which indicates that the ratio between the potassium and the nitrite portions 
of the molecule is a constant quantity if the directions given for the detennina- 
tion are carefully followed. Consequently the titrimetric estimation of the 
nitrous acid by potassium permanganate gives a simple and accurate method 
for the measurement of potassium in the cobaltinitinte complex.^’ - 

Although the complex of potassium and eobaltinitrite is soluble in tungstic 
acid filtrates, precipitation is essentially quantitative in the presence of 30 per 
cent ethyl alcohol. The method to be described in this report makes use of this 
fact, and therefore it is possible to determine potassium directly in tungstic acid 
filtrates of serum and plasma, as well as to determine other constituents such 
as chlorides or nonprotein nitrogen in aliquots of tins same filtrate. In previous 
methods using tungstic acid filtrates, the eobaltinitrite was estimated color- 
imetrieally.°’ ^ Since the potassium is determined titrimetrically in this 
procedure, the apparatus employed is simple and cair be found in almost any 
clinical laboratory. With as little as 1 c.c. of senrm or plasma, estimations of 
potassium may be made in triplicate. The method is relatively rapid and lends 
itself readily to routine clinical analyses ; it has been used for this purpose with 
satisfactory results in our laboratory for the last year. 

REAGENTS 

1. Stable tungstic acid solution.® 

2. Sodium eobaltinitrite reagent.^ 

3. Ethyl alcohol, 95 per cent. 

4. 0.01 N potassium permanganate, prepared by dilution just before use 
from a stock 0.10 N solution which is made by dissolving 3.158 Gm. pure 
potassium permanganate in 100 c.c. rvater. 

Prom the Banting and Best Department of Mecricai Research, University o£ Toronto, 
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5. 0.01 N sodium oxalate prepared by diliitiou just before use from a 
stock 0.1 N solution wliieh is made by di.s.solving 0.700 Gm. sodium oxalate 
{Sorenson’s anal 3 ’tical reagent, dried over ealeium chloride) in 1 liter of 
TOter. 

6. 4 N sulfuric acid. 

JIETHOD 


Precipitation of Protein . — The protein in 1 c.c. plasma (or serum) is 
precipitated bj' adding 9 c.c. of stable tungstic acid reagent and allowed to 
coagulate for approximately thirtj' nunute.s, then centrifuged for twentj' 
minutes at 1,500 r.p.m. 

Precipitation of Potassium . — A 2 e.e. aliquot of the clear supernatant 
fluid (equivalent to 0.2 e.c. of plasma) is added to a clean* centrifuge tube con- 
taining 1 c.o. 95 per cent ethyl alcohol. After mixing well, the solution is 
allowed to stand for five minutes to allow any microbnbbles to disappear before 
adding 1 c.c. of the filtered sodium cobalt initrite reagent slowlj', drop by drop, 
agitating the mixture after eacii addition. After standing from fortj'-five to 
sixty minutes, the contents are centrifuged for twentj’ minutes at approximately 
1,500 r.p.m. The clear supernatant fluid is sucked off slowly, using a fine boro 
tube drawn out to a J-shaped capillaiy, leaving about 0.2 c.c. of the fluid 
above the well-])acked precipitate. The fii*st portion of the 5 c.c. wash water 
is allowed to slide slowlj' douTi the side of the tube to prevent any disturbance 
of the precipitate and to rinse down an\' particles of tlie precipitate which might 
be adhering to the walls. Finally, the last portion of the water is used to 
wash the capillary pipette. To ensure mixing, tlic tube is then rotated c.are- 
fully between the palms of the hands until the contents are a uniform color. 
The washing process is repeated four tunes with no more than from five to ten 
minutes of centrifuging between washes. 

Titration. The potassium permanganate solution is standardized just be- 

fore use by adding 2 e.c. permanganate to 1 e.c. 4 N sulfuric acid and heating 
for from thirty to fort}--five seconds in boiling water. A 2.5 e.c. sample of 
the standard 0.010 N sodium oxalate is added and the tube is heated in the 
water bath again and the excess oxalate titrated to a permanent pink color with 
the permanganate to be standardized. A blank, 0.025 c.c., the amount of 
peiinanganate necessary to give 1 c.c. of 4 N sulfuric acid added to 4 ml. 
water a permanent pink color, is subtracted from tlie total permanganate used. 
The normality of the permanganate is calculated by dividing the amount of 
permanganate required to neutralize the oxalate by the amount of oxalate 
emplojmd (2.5 e.c.) and multiplying the result bj’ 0.01. 

For normal plasma (or serum), 2 c.c. of potassium permanganate are added 
to the precipitate: after intimately mixing with a fine-tipped glass rod, 1 c.c. 
4 N sulfuric acid is added, rinsing down the glass rod at tlie same time. The 
tube is then placed in gently boiling water for from thirty to fort}--flve seconds. 
At the end of this time all of the precipitate should be dissolved and the solu- 
tion a clear pink color. Either 1 or 2 c.e. of 0.010 N sodium oxalate, depending 
upon the amount of potassium in tlie sample, is added while the tube is stiU 
verj' hot. The contents of the tube are weU mixed and then heated up in the 


, ‘me cenlrifUEe !I'y’)n|fiifja“'(i«eJ!’^Thla're!noves'an traces°orVreiise fch'would 

S ane Srilpittte and thus lucrease the poss.bll.ty of losing 
some of It during the washing procedure. 
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boiling water for at least one minute before titration wilh the 0.01 N j)ota.ssimn 
permanganate to a permanent pink eoior, using a 1 c.e. mieiobnrette or a 
1 c.c. pipette with a veiy fine tip ancV graduated in hundredths. 

Calcukition of the Factor for Convcrfincj the Titration. Value to Milligrams . 
of Potassium per WO c.c . — The addition of acid to the precipitate libei’ates the 
nitrite portion of the complex as nitrous acid. The reaction nith pemanganate 
then proceeds as follows: 

5 HA’O. + 2 KMnO, + 3 H.SO, ^ 5 UNO, + K.SO. + 2 MnSO, c :i WO 

If the permanganate is exactly 0.01 Normal, the amount of potassium is 
then given by the equation: ([ (a-b) -d] x f) mg., •where 

a = the actual volume of permanganate required in tlie 
analysis 

h == the blank (0.025 c.e.) 

d = the amount of standard 0.010 N sodium oxalate added. 

f = the factor for converting the titration value to milli- 
grams of potassium per 100 c. c. 

In Table I is showm how the value for f was obtaijied from the determina- 
tion of potassium in solutions containing amounts ranging from 62.8 mg. to 10 
mg. potassium per 100 c.c. when the normality of the permanganate was exactly 
0.01. However, if the permanganate is not exactly 0.01 N, but has a normality 

of N^, the fraction ■ ■ should be applied to the volume (a-b) of perman- 

ganate used. The milligrams of potassium per 100 c.c. of the sample analyzed 
by this procedure is therefore: ([ (a - b)— q-qJ — ] - d) f 


Table I 

Calculation or the Cona'ebsion Factor f 
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RESULTS 

Using the value of f = 32.5, single analj’scs were done on a sample of 
dog plasma to which were added known amounts of potassium chloride with 
the results showm in Table II. It is possible, therefore, to recover potassium 
quantitatively when it lias been added to dog plasma. The average difference 
between duplicates of forty-two determinations in wbicli this procedure was 
used amounted to 0.5 mg. per 100 c.e. plasma. Therefore the level of potassium 
in the sample analyzed should be within 3 per cent of the time value. 


T\bi.E it 

RftcovEEv or PoT.\ssruir Added lo Dog 


K FOUKD 

(MO. PER, 100 C.C.) 

K ADDED 

(MG. PEP. lOO C.C.) 

P.ECOVERY 

(\fO. PER 100 C.C.) 

DIFFERENCE 
(MO, PER 100 C.C.) 

19.1 

0.0 

0.0 


23.1 

4.0 

4.0 

0.0 

03 0 

40 

4.1 

+0.1 

4^0 

25 1 

24.5 

-0.6 

44.2 

25.1 

25.1 

0.0 


In a series of thirty normal dogs the value for plasma potassium was found 
to varj’ between 13.0 and 10.8 mg. per 100 c c. unth an average value of 15.9 
mg. per 100 c.c. ^lanery and Solandt,® using a slight modification of the 
Shohl and Bennett potassium method as described by Fcnn and co-workers, ’ 
found that the concentration of potas-sium in plasma of forty-four normal dogs 
ranged from 12.2 to 20.0 mg. per 100 ec. -with an average value of 15.9 mg. 
(pi'obablc error, ± 3 .7 mg. ) . 


SUMM.\RT 

1. A titrimetric method for llic estimation of potassium in tungstic acid 
filtrates of serum or plasma has been described. The procedure is also appli- 
cable to lymph and ascitic and ccrcbraspinal fluid. 

2. Determinations may be done in triplicate on 1 c.c. of serum or plasma. 
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A COLORIMETRIC METHOD FOR DETERMINING AVAILABLE 

OXYGEN IN BLOOD 

W. G. Exton, M.D., F. Schattner, Ph.D., >S. Korman, Ph.D., 

AND A. R. Rose, Ph.D. 

Newark, N. J. 

I N PLANNING a clinical study of piilmonary anoxemia, one of the require- 
ments was the collection of data showing the effect of different test conditions 
on the oxygen content of arterial blood. This requirement seemed to call for 
repeated arterial punctures, a procedure which is oh,ieetionahle, if not imprac- 
ticable. There remained only two alternatives: to use the so-called venous- 
arterial blood samples obtained from a vein after immersing an arm in hot wa- 
ter to speed up the eireidation^ or to use capillary blood samples from a pricked 
finger." We used capillaty blood samples in our determination of carbon di- 
oxide^ and found this entirelj' satisfactory. An inquirj^ into the differences of 
the oxygen content between arterial and venous blood under given controlled 
conditions was also contemplated, so the collection and care of venous blood has 
also been carefully considered. If the blood taken from the cubital vein or 
from a vein near the Imuekles of the hand after immersion in hot water or from 
a finger prick is to remain a true sample for an oxygen content study, it must 
be protected from the atmosphere. With a finger-tip prick this was readily done 
by immei'sing the bleeding finger under oil.® The venous blood may be draw , 
■with a syringe containing a little oil or attach the needle to a. short rubber tube, 
the other end of this tube in turn attached to a glass tube running to the bot- 
tom of oil in a test tube, as suggested by Van Slyke and Crrllen.^ It was not con- 
sidered advisable to allow any oil in a needle to be introduced intravenously 
into a human subject, so in collecting venous blood vn took 6 c.e. in the usual 
way, but the needle point was always very promptly brought under the surface 
of the oil in a sample vial and 4 c.c. of the blood slowly expelled. The 2 c.e. 
withheld in the syringe were discarded on the assumption that the first portion 
entering the syringe would gather and hold all the atmospheric oxygen in the 
needle bore and the space between plunger and walls of the syringe. This is un- 
doubtedly true in part, but the rush of the current from the very small orifice 
of the needle overcomes the plasma viscidits"^ and carries through to the end of 
the plunger, thoroughly mixing the sample. There is also the matter of con- 
tamination from the oxygen dissolved in the oil. This •^Gll be taken up in the 
discussion of Table II. 

Ferrous iron is very readily converted into ferric iron by molecular oxy- 
gen in a faintly alkaline menstruum but not at all in one that is acid. Ferric 
iron is very readily measured by converting it into any one of a large num- 
ber of colored compounds. From an extended laboratory survey not only of 
iron, hut also of other easily oxidizable sul}stances, ferrous sulfate in a borax 
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solution followed by sulfosalieylic acid was elioscn as the most likely way to 
determine colorimetrieally tbe oxygen in the blood both eonvenientlj' and quickly 
and on small samples such as could be obtained from a finger prick. Snlfosal- 
icylie acid precipitates the blood proteins, getting them out of the way, and 
also combines with the ferric ion, giring a soluble compound which imparts a 
characteristic, stable, and consistent color to the solution with a color density 
directly related to the amount of ferric iron involved. 

We now determine the available oxj’gcn in the blood by nii.xing 0.1 c.c. 
blood sample with 0.1 c.c. ferrous iron solution in 1.5 c.c. borax solution, then 
introducing this mixture into 2 c.c. 30 per cent sulfosalieylic acid, making it 
up to 10 c.c. with water, filtering through iron-free paper, and measuring in a 
calibrated scopometcr* the density of the color which develops, The oxygen 
content is then found opposite the shutter scale reading on a calibration chart. 

EXPEanmNTAi, 

Reagents . — Tlie required alkalinity in this test is not confined to a narrow 
range of pH, and the anion.s controlling tlie pH need not be limited to those of 
borax. Many alkalies in various eoncentration.s have been successfully used, but 
we have finally settled on the convenient routine of 1.5 c.c. of 20 Gm. borax 
(Na,B,O,-10HsO) per liter of water. The borax solution is fully aerated at at- 
mospherie pressure and room temperature. The Pc-M- reagent is added to the 
borax solution immediately after the blood sample. This reagent, likewise, 
need not be narrowly confined to a given concentration or anion, and in our 
laboratory it is prepared as follows: 500 mg. I‘'cSO<'H,0 are dissolved in 10 
c.c. water, a little eelitc (inert filter aid) is added, and the solution is brought 
to a boil and kept simmering a few moments; it is then poured into a conical 
centrifuge tube, covered with mineral oil, and centrifuged. This reagent under 
oil is ferric-free and will remain so for days. However, it is well to make it up 
fresh each day an o.xygen determination is done since the possibilities of Pe++ 
oxidation to Fe-t-H- by air contamination arc considerable. 

Anticoagulants.— Most hlood comes to the l.aboratory with oxalate added 
as an anticoagulant. These samples are proper for acid hematin and the man- 
oraetrio procedures but give faulty values by the new colorimetric method since 
the CjO, ion interferes with the oxid.-ition of iron. Fluorides were also found 
unsatisfactory, sometimes depressing the o.xygen X'alues 20 per cent. The only 
anticoagulant found which was at ail suitable proved to be heparin. The heparin 
used comes in 100 mg. vials.* A 1 per cent stock solution is made up and kept 
in the cold chest; this is rodilutcd a.s needed to measure out 0.3 mg. per 5 e.c. 
blood sample convenientb’. 

Apparatus. It is obvious that during the interval when the o.xidation of 

the Fe-t-f takes place no atmospheric oxygen must reach the reaction mixture. 
This we failed to accomplish iu the ordinary test tube, using a layer of mineral 
oil to exclude the air, but we now do it ivjthout oil verj- conveniently by ex- 
changing the test tube for a closed reaction chamber with a funnel enp joined to 
it by means of a stopcock to admit the sample and reagents and a rubber tube 
with mcreuiy and mercury-levelling bulb below by way of another stopcock 

•From the Connaught Laboratory of Toronto University. 
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ibi' eouti'oliiiig the flow of tlnids between the cup and the cJiainber. Fig, 1, a 
drawing of the apparatus, is almost entirely self-explanatory. The capacity of 
the I'eaetion chamber is 3.5 c.c., and of the citp, 5 c.e., the latter calibrated to 4 
e.c. in 0.5 c.e, intervals from the stopcock np. The cup is 65 mm. long and 16 
mm. in diameter. The contraction of the funnel cup along toward the stop- 
cock by which it is joined to the reaction chamber foivus a 2 mm. capillary hore 
about 7 mm. long. The two stopcock barrels are 3S mm. long and have a 15 
ram, inner diameter across the wider end. The stopper projects some 10 mm. at 
the tapered end and has a groove just adjacent to the cock over which a rubber 
washer is slipped to keep the stopper from coming loose unexpectedly. The bore 




of the sto])per is 2 mm. It is important that the upper stoppm- does not form a 
ledge upon which the- blood may lodge-, the bore should, therefore, he the same 
as the exit orifice of the cup eapillaiw or a trifle more. The orifice of the upper 
stopper bore must not be bevelled. The glass tube by winch the imbber tube is 
attached to the lower .stopcock is looped and the lop of the loop is expanded to 
form a trap (10 bj' 12 by 12 mm.) which catches any gas that may aecidentaBy 
enter the mercury. Two seats are pi-ovided for the levelling bulb: in the upper 
seat the mereury is allowed to come to about the 1 c.e. mark in the enp; in the 
lower seat the mercury comes into the taper just above the lower stopcock. 

It is veiy important that the apparatus he as clean as possible. It may 
he cleansed with water, alkali, or acid, or sometimes with ehromic-sulfuric clean- 
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ing mixture, by drawing tlir (‘loaning fluid down tiiroiigli the cup into the re- 
action chamber, even to the trap if necessary, and then forcing il up again into 
the eup, all by changing the level of the inereiiiy reservoir. The cleaning fluids 
must not add ferric iron a.s a contaminant. If the ehamber i.s smeared with 
blood residues, it is most ca.sil.v cleaned with a strong alkali, for instance, 2 c.c. 
10 per cent NaOH, raising and lowering the levelling bulb so that the mercury 
will scrub the objectionable matter into the eup, from which it is flushed out 
with water by a pipette with a rubber bulb, or by the .suction of a water pump. 
The apparatus must be free from protein, fat, and grease smears since these 
occlude oxygen and it takes only O.OOl e.e. oxygen to make an error of 1 
volume per cent. The alkali should be rinsed out completely with iron-free 
water and finally with very dilute acid (0.05 N H,SO,1. When the apparatus is 
put away, it should be filled with this dilute acid with the lower stopcock closed, 
the upper open, and the levelling bulb in its lower seat. 

PROCEDERE 

To determine the o.xwgen capacity of the blood .sample, assure the complete 
saturation of blood by rolling it over the glass surface of an open vial in such 
manner that it does not churn in air bubbles and does not concentrate the hemo- 
globin appreciably by moisture evaporation. Have the apparatus set to receive 
the subsample. Pour a little more than 4 c.c. borax solution into the funnel 
cup. Insure the absence of minute air bubbles b.v drawing some of the solution 
into the reaction chamber and by gentl.v shaking, turning the stopper and by 
forcing the mercui'j' up and down Bring the mercury column just up to the 
top of the upper stopcock bore, adjust the volume of the borax solution to ex- 
actly 4 C.C., and then let about 0.1 or 0.2 c.c. come under the upper stopcock. 
Close the lower stopcock but leave the upper one open. Draw the blood up 
into a pipette having two graduation marks, the so-called Ostwald-Van Slyke 
pipette. 'When oxygen content is determined (in which ease the sample is kept 
under oil), keep the tip of the pipette away from the oil-water interphase as well 
as from the bottom and wipe the oil from the pipette. Lower the pipette domi 
into the borax solution so that the tip comes a little above the stopcock. Let the 
blood run slowly into the borax solution. The blood will trickle through the 
bores and settle on the surface of the merciirv. If the blood comes up over the 
tip of the pipette, it may follow the pipette irhen the pipette is withdrawn. Do 
not let the blood back up unnecessarily; an occasional quick turn of the lower 
stopcock is helpful in avoiding this. Introducing the blood sample does require 
care, but is not at all trouble.somc; good technicians do it neatly and quanti- 
tatively on the first trial. Immediately after the blood has been measured into 
the borax solution, cover it with 0.1 c.e. ferrous reagent. For this purpose also 
use a pipette with two graduation marks. Draw the reagent into the pipette 
from a few millimeters below the oil-water interphase, wipe off the oil, and then 
let the reagent flow out at a moderate rate just over the blood. Blood sample 
and ferrous reagent must not come into contact with the atmospheric oxygen. 
As the FeSO enters the borax .solution. Pc (OH)- precipitates as a very fine 
blue-green east suspension. When the pipette is withdrawn, some 'of the flakes 
may be carried up by the current. Since there will be ample Fe(OH )2 to meet 
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all the active oxygen present, tliese may he discarded. Those reaching the top 
will become contaminated and contribute to the ferric iron if they again settle; 
therefore, flush the mass of Fe(OH)„ suspension on the bottom of the cup into 
the chamber before the floating Fe(OI-I)„ particles settle. Draw the FeCOH), 
down into the reaction chamber with the borax solution so that 1.5 e.c. borax solu- 
tion is measured in as accurately as can be done b}’’ the cup ’s gradiiation marks. 
Close both stopcocks, draw off the excess borate solution, and mix by gentle 
shaking. The reaction is complete within the first minute, but we let it stand 
for two minutes. 

Anj’’ available oxygen in the reaction chamber will convert its equivalent 
mass of Fe(OH )2 to Fe(OH) 3 . Rinse the cup with three portions of water 
and pipette^ 2 c.c. 30 per cent sulfosalicylic acid into the cup, raise the levelling 
bulb, and open first the upper stopcock and then the lower so as to admit the fluid 
into the acid slowly. As the reaction mixture flows into the cup, stir it eon- 
stantlj- with a slender rod until it is alt well up in the cup. Draw off the colored, 
turbid fluid with a pipette having a rubber bulb and transfer it to a 15 c.c. 
graduated conical centrifuge tube. Rinse the cup with small poihions of water 
until the meniscus of the fluid accumulating in the coiiical tube is just at the 
10 c.c. mark, add a pinch of celite (filter aid), shake well, let stand a few 
moments for the precipitate to organize, and then filter through iron-free paper. 
Read the perfectly clear\ iron-sulfosalicylate color density in a calibrated 
scopometer, and on its calibration graph note the volume per cent oxygen cor- 
responding to the shutter scale leading. 


CALCULATION 


One molecule oxygen oxidizes 4 atoms ferrous iron ; 1 mg. iron, therefore, is 
equivalent to 0.144 mg. Oj, the mass of oxygen occupying 0.1 c.c. at 0° C. and 
760 mm. Hg. The blood oxygen would seldom reach 30 vol. per cent, and that 
may be taken as a high level for standards; this would be represented by 0.3 
mg. Fe per cubic centimeter. If 259.2 mg. ferric ammonium sulfate crystals 
(FeNH 4 (S 04 ) 2 - I 2 H 2 O) are dissolved in water, made acid with 4 c.c. 30 per 
cent sulfosalicylic acid, and diluted to just 100 e.c., it will form a stock solution 
of such a concentration that when 1 c.c. of this is taken and 2 e.c. 30 per cent 
sulfosalicjdie acid and 7 c.c. water are added, it will give a 10 e.c. colored solu- 
tion with a tint and color density which are identical to a filtrate from a blood 
sample containing 30 vol. per cent available oxygen. This stock standard prop- 
erly diluted to gwe lower oxygen levels was used to calibrate the instrument and 
may be used to make comparison solutions for visual colorimetry by the Duboscq 
type instrument. These standards are easily made up and keep very well. 

Since the reagents are aU aerated at atmospheric pressure and room tem- 
perature and the apparatus is rinsed udth aerated water, there 'will be molecular 
oxygen to oxidize Fe-H- besides that from the blood sample. A “blank” must, 
therefore, be done to account for this oxygen and such other consistent errors 
as may be involved. From the literature and from our solubility determinations 


*Thp salicylic acid is measured with a pipette since marked differences in acidity aftect 
the color density of iron salicylate solutions. There must not be any air bubbles introduced 
with the acifl- 

iRefilter the colored solution if a turbidity is visible in it. 
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of oxygen dissolved in walei', tJio blanks in Ike legniar pwceduves ns herein 
described should be close to 9.8 volume per cent, but thei’ usually fall between 
8.6 and 9.3. To establish tlie blank, and this .should be done frequently, pro- 
ceed e.xaetly as in the blood o.xygen determination described, onl.v omitting the 
0,1 c.c. blood. Find the equivalent blood o.xygen volume per cent and subtract 
this blank from that found in the regular routine procedure. When the oxy- 
gen is determined on aerated blood, to give the o.x.vgen capacity or the normal 
active hemoglobin, the sample will carrry an extra 0.5 vol. per cent which is 
added to the blank before the subtraction. 


RESULTS 


It has been assumed that the Van Slykc-Ncill manometric method® gives 
the true available oxj’gen content. The Van Slyke-Neill method gives as true 
values for oxygen as can he obtained in blood at the present time. As far as 
precision is concerned, one is not justified in seeking another procedure, but the 
manometric method calls for special skill, requires more blood than is some- 
times convenient or available, and the apparatus is prone to unaccountable 
time-wasting leaks. The Van Slyke-.Vcill manometric blood oxygen method is 
a general approved means of standardizing hemoglobin determination meth- 
ods; by the same token the oxygen capacity method for blood may be stan- 
dardized by a hemoglobin determination if the hemoglobin is assured as being 
all normal and .saturated with o.xygen at proper temperature and pressure. 
For these reasons we have chosen to compare our new method with that pub- 
lished by Van Slyke and his co-worker.s and also with the hemoglobin in the 
samples ns determined in our laboratory. 

The acid hematiu method' for determining hemoglobin has been very satis- 
factorily applied in our laboratory tor more than twenty years. This is done by 
merely diluting 0.1 c.c. blood with 20 c.c. 0.1 V HCl and reading the color 

density twenty minutes after the dilution in a calibrated seopometer. Some 

modification of this way of determining hemoglobin is followed in most clinical 
laboratories. Time curves show that the maximum acid hematin concentration 
does not occur before the end of twenty minutes; the change between twenty 
and sixty minutes at room temperature is very little, if any.* The instrument 
is calibrated and the calibration occasionally cheeked with blood of known iron 
content. Because of the simplicity and the small samples requii'cd, there were 
more comparisons of the new oxygen method rvith this hemoglobin method 
than with the Van Slyke-NeiU procedure in the first months of the program. 
This is justified by the close agreement between the Van Slyke-Neill method 

and the acid hematin values. Tiic average deviation from the mean of dupli- 

cates by the former is 0.177 and by acid hematin (Hb. x 1.34) it is 0.166 vol. per 
cent, and the agreement between the two methods is expressed by +0.3 vol. per 
cent, which is derived from four groups of analyses in which the numbers of 
samples were 127, 3S, 123, and 157 and Oieir average deviations from their 
means, 0.36, 0.23, 0.312 and 0.275. 

'Where there was a lack of agreement, the Van Sl.vke-Neill method more 
often checked the acid hematin thap did our new procedure, but this has not 


ft frnm twentv to eighty minutes averajres 0.16 vol. per cent; the average 
acvlat:„'S'n“m%hc te 0,04. and at alehty nUnutw, 0.07. 
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been an invariable rule as the selected samples in Table I indicate. Since each 
method has a lesser deviation among duplicates than between any two of the 
three procedures, the diiferenees by methods must be due to some inlierent qual- 
ity of the blood sample if bad checks in duplicates do not disqualify the data as 
due to manipulative error. The first four are typical of discordance; the next 
two are caused by a knovm inherent quality in the sample (namely, methemo- 
globin) . 


ACID 

COLORI- 

MANO- 

HEilATIX 

JIETKIG 

Metric 

(VOL. %) 

(VOL. %) 

(VOL. %) 

20.1 

19.2 

19.7 

18.5 

17.5 

18.7 

19.6 

1S.4 

19.5 

23.4 

22.7 

23.5 


Table I 


ACID 

HEMATIJJ 
(VOL. %) 

COLORI- 
METRIC 
(VOL. %) 

MAKO- 
METRIC 
(vol. %) 

29.5 

27.2 

27.2 

21.3 

20.5 

20.8 

19.4 

20.0 

19.9 

19.1 

19.8 

19.8 


ACID 

HEMATIK 
(VOL. %) 

COLORI- 
METRIC 
(VOL. %) 

MAN'O- 
METRIC 
(VOL. %) 

18.5 

20.3 

20.0 

20.2 

20.3 

21.0 

17.2 

17.3 

17.9 

17.6 

17.7 

18.6 


The acid hematin gives all the hemoglobin, and there may be some of this 
present which does not carry oxygen (methemoglobin). This discrepancy is a 
measure of the inactive hemoglobin. Blood samples should be examined 
promptly for available oxygen since the hemoglobin may change on standing. 
Methemoglobin in excess of 0.5 vol. per cent is not often encountered in random 
fresh blood samples,® but if these samples are set aside for some days, methemo- 
globin may form. The following samples were in good agreement between the 
acid hematin and direct oxygen determinations on the freshly dra^vn samples 
when they were put awaj' in the cold chest, but on standing the oxygen values 
decreased to yield the follomug in these three sets: 15.2 to 14.0 vol. per cent; 
15.6 to 14.8 ; 15.6 to 12.5. Sometimes the available oxygen remains constant or 
inci’eases slightly as water evaporates, as in the following; Fresh blood sample, 
by the new method, Maj' 14, 15.8 vol. per cent; Maj’- 17, 15.7; May IS, 15.9; 
j\Iay 19, 16.3 ; Ma}' 21, 16.5 ; May 24, 16.6. The acid hematin determination on 
the fresh blood sample gave a value of 15.6 vol. per cent. Three blood samples 
have also been encountered in which the oxygen content decreased on standing 
but was fully recovered again on aeration, a spontaneous deoxj’^genation. Meth- 
emoglobin does not vitiate the oxygen determination by the Van Slyke method 
nor by the new procedure, so that both methods may also be used in estimating 
the portion of hemoglobin which has been deprived of its oxygen transport capac- 
ity.® A methemoglobin blood preparation was made by treating a normal blood 
with ferrieyanide. One cubic centimeter of this preparation was then added to 
2 c.c. of an aei-ated normal blood sample and the oxygen determined. The oxj^gen 
in this sample by the nev’ method before adding the methemoglobin preparation 
came to 19.6 vol. per cent and to 19.2 by the Van Slyke-Neill method; that calcu- 
lated from acid hematin hemoglobin was 19.6. Two-thirds of their average would 
be 13.0. By the actual determinations after mixing, they came to 13.6, 13.6, and 
17.9, using the same methods and following the same order. In this set the acid 
hematin value minus the direct oxygen determinations comes to 4.3 vol. per cent; 
this value divided by 1.34 gives 3.2 Gm. methemoglobin per 100 e.e. of the 
mixture. 

Oxj'gen was deteimined on manj^ kinds of blood from the very beginning 
of this general problem, but until the method Avas believed to be in its final form 
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and reliable, most of the samples examined were fully aerated. These data on 
aerated blood are summarized in Table II. The time penods arc arranged in 
chronological order. The first period includes manj- of the experiments done 
during the development of the method itself. Subsequent to this period there 
have been no essential changes in cJiemistrj' nor manipulation. The second 
period is noteworthy in that it was a flawless run of both colorimetric and 
manometric detenninations on fresh bloods with rcmarhablc agi-eement between 
the two procedures.^ 

Table II 

COJTPARIXa THE NETT COLORnfETRrC METHOD FOR OXTOEN IN Bl.OOD WITH THE VAN SlYKE- 

Neill anb/or the Acid Hematin ifETiioos ox Aerated Blood 


PERIOD j 

NUMBER 1 

or 1 

SAMPLES ; 

MEAN or 
DlITEr.ENCES 
CRTW'EEN TWO 1 
METHODS 

AVERAGE DEVIATION 
FROM THE MEAN , 

DIprERENCE 1 

PER CENT or SAMPLES 

IN WHirH THE A GREE- 
.MENT HA ME WITHIN 

[ FOR all 

1 SASfPLES 

1 FOR THOSE 

hnrniNil.0 1 

±0.6 

1 ±1.0 

I 

410 

+0.7 

0.61 

0.4S 

69 

87 

ir 

25 

+0.036 

0.10 

O.IO 

100 

100 

in 

220 

+0.02 

0.37 

0..33 

87 

96 


The subsequent routine deternn’nafions on aerated blood indicate that the 
new' procedure gives results which agree w'ith manometric determinations to 
within 0.5 vol. per cent in more than 85 per cent of the cases. 

The application of the method to venous blood is summarized in more de- 
tail in Table III. These samples were obtained from volunteer.? among friends 
of the department in the Home Office, and we are duly grateful to them for the 
interest shown in our work. In most instances tliey came directly from their 
desks; a few were having metaliolism tests and tlie samples were taken under 
basal control- They were all presumably normal subjects. The two tests were 
done simultaneously, the Van Slykc-Neill manometric method by Miss "Weakley 
and the new' colorimetric by Sir. Huizer, In this series we were also concerned 
with the oxygen exchange between the hemoglobin and the oil used to protect 
the blood from the oxygen in the atmosphere. The sample wax protected from 
the atmosphere but not from the oxygen dissolved in the oil. Kubie^'* accepts 
the protective function of oil and explains it as due to the very slow* diffusion 
of gas through the oil, not to exclusion from lack of solubility. He bubbled 
oxygen from a cylinder into mineral oil for a long period and in that w'ay de- 
termined the capacity of the oil as 0.134 c.c. oxygen per cubic centimeter. We 
have determined the oxygen content of our oil supply on twro days, four months 
apart, by both methods. The average for the manometric method came to 2.40 
and 2.42 vol. per cent and by the colorimetric, 2.3 and 2.8, making an average 
of 2.47 vol. per cent for all the determinations. Fully aerated blood passing 
through this appro.ximately fifth oxygen-saturated oil did not lose any oxj'gen, 
but samples containing any deoxygenated hemoglobin picked up ox 3 ’gen. The 
oxygen in the samples reported in Table III w'cre determined at once by the two 


•tjia r?AfA..mJr>nMon«? in this *:eHc'5 hr the ficw method were done bv Dr. F. .Schattner 
and Mr J Huf^r and those by the Van Slyke-Nellt methods., by Miss Mar>- C. McCarthy 
Ind MfsaM^v lT' Weakley Grateful acknowledsment must also be made for the splendid 
ana kindly coweratlon or Dr. William Antopol ot the Laboratorj- or the Nemnrk Beth Israel 
Hospit.lL for .siipplyinif many blood samples 
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methods. The “imiiiediato” oxygen amIiios are given under A and B. AVhen 
the “immediate” oxygen had been determined, a syringe tip ivas put into the 
vial, some oil was draivu in and then the blood. The blood was then slowly 
pressed out in as small drops as possible under oil into another vial. This was 
repeated. Every caution was taken to keep the sample from direct contact with 
the atmosphere. Two suhsamples were then taken and the “by drops through 
oil” oxygen determined and recorded under I) and E. The increment between 
these two sets is an index of the contamination from the oil. The initial oxj’gen 
contribution to the blood sample from the oil. even also that from the empty 
needle as the blood is drami from the vein, is probably no more than this in- 
crement; nevertheless it is real, averaging 1.21 mg. vol. per cent for the col- 
orimetric column (G) and 1 18 for the manomctric column (If) in Table III, 
with an average deviation of 0 28 from the mean for both columns, a possible 
contamination of the order of 10 per cent. 

The main purpose of the venous blood analysis gathered in Table III was 
again to compare the new metliod with that of Van Slyke and Neill on the 
kinds of blood samples encountered in the clinical laboratory and used in 
physiologic investigations The colorimetric data arc listed under A, B and L; 
the manometric, under B, E and il. The hemoglobin was determined by acid 
hematin and read directly as equivalent oxygen volume per cent on a calibra- 
tion chart; the hemoglobin in grams was multiplied by 1.34. The data for the 
blood as drawn arc listed under I and those after aeration, under jV. The iron” 
was also determined on the aerated blood and the milligrams per 100 c.o. multi- 
plied by 400 to give equivalent volume per cent oxygen; these are listed in 
column 0. 

From / and A and B the oxygen saturation of the venous hemoglobin is 
calculated and listed under J for the new method and under K for the Van 
Slyke-Neill figures. These saturations cover a rather wide range, from 14 per 
cent for W. P. to 74 per cent for S. C., much wider and lower than those re- 
ported by Lundsgaard and Moller,'* whose lowest saturation was 48 per cent 
and highest 96 per cent with a median at 77 per cent instead of 41 as in Table 
III; 78 per cent of their cases fall between 60 per cent and 90 per cent. In 
our list one-half of the eases fall between 38 and 58 per cent saturation. Any 
further comments on this matter will be left for the time being and taken up 
again when the data now accumulating in this area are published. 

The determined volume per cent by the new colorimetric method (A, D 
and L) were multiplied by 100 and then divided by the values obtained with 
the Van Slyke apparatus (B, E and M) to give the percental ratios in columns 
0, F, and P. The small divergence of these per cents from 100, averaging C, 

O. 4; F, 2.3; and P, 1.6; prove the two methods to be in tolerable agreement. 
If one goes over Table III critically, one may cull values that may be discredited 
(those in italics) as, for instance, the ease of N. S. with M, jV, 0 values within 
a spread of 0.4 vol. per cent and the i value 0.6 below their average. In this 
instance the value by the new method is conceded as most likely too low ; in four 
other subjects, on the other hand, the manomctric figures are thought rather 
high if credence be not denied the iron and acid hematin readings (J. C., T. L., 

P. K.) . Neither the acid hematin nor iron method is infallible. In the samples 
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from P. K. and M. K. the acid hematin figures (N) are the same as those before 
aeration (7), -which is not in accord with experience. If due alioAvances are 
made for this way and the avei-ages are recalculated with the questioned cases 
omitted, these figures come closer to 100 and are entered at the bottom of Table 
III. The improvement by thus selecting the cases is not significant. When the 
new method is compared witli the acid hematin and the iron procedures in the 
same manner, we get columns Q and R by dividing L x 100 by N and 0. These 
averages come to 100.2 and 99.2 and am again in excellent agreement. Aera- 
tion of the samples seemed to enhance the oxygen values by the manometric 
method, for which reason the percentile ratio of acid hematin/manometric 
methods were calculated and listed in column S. The average of S agrees well 
with that of P. A specific effect of aeration on one of the oxygen determinations 
maj'- be real but is quantitatively insignificant for the purpose and therefore 
dismissed for the present. Tlie two methods were also compared by their dif- 
ferences in volume per cent, A-B, P-E, and L-M. The average deviations from 
the mean differences are given at the bottom of Table III. The eight italicized 
oxygen values are omitted in these averages. The range of those used are from 
-0.80 to +0.76. Two samples among those omitted would extend the range from 
-1.40 to +1.00. Less than 15 per cent of the cases exceed a difference of 0.5 
vol. per cent, and the average difference of all eightj'-three pairs in this table 
is less than 0.3 vol. per cent. 


SUJIMABY 

A colorimetric method for the determination of available oxj'gen in 0.1 c.e. 
sample of blood from a \'ein or finger px’ick is ixresented. The method depends 
on the oxidation of ferrous iron by the oxygen of the blood sample to ferric 
iron and then combining tliis ferric ion with sulfosalicylic acid to yield a charac- 
teristic and consistent color whose density under the conditions of the test bear 
a direct relation to the amount of oxygen in the sample. The oxidation of iron 
takes place in a solution made alkaline with borax in an apparatus designed 
to protect it from atmospheric oxygen. The sulfosalieylic acid prevents further 
oxidation and removes the proteins. The color density may be compared with 
loiown ferric sulfosalicylate solutions in a visual instrument of the Duboseq 
tjTxe or may be measured in a calibrated photoelectric instrument like the 
scopometer. Oxygen values by this method have been compared -(mth simul- 
taneous determinations with the Van Slyke-Neill manometric method and with 
o.xygen equivalents calculated from hemoglobin and ii’on determinations. The 
agreements of the several methods are of the order of +0.5 vol. per cent in 85 
per cent of the cases. 
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Atlas of the Blood in Children. By Kenneth T). Blachfan, M.D., Late Thomas 
Morgan Rotch Professor of Pediatries, Harvard Medical School; Late 
Physician-in-Chief, Infants’ and Children’s Hospitals, Boston; and Louis 
K. Diamond, M.D., Assistant Professor of Pediatries, Hannrd Medical 
School; Visiting Physician and Hematologist, Infants’ and Children’s Hos- 
pitals, Boston; with illustrations hj’- C. Merrill Leister, M.D., Associate 
Pediatrician, St. Luke’s Hospital, Bethlehem, Pa., and Allentowm General 
Hospital, Allentown, Pa. The Commonwealth Fund, New York, N. Y. 
Price $12.00. Cloth with 334 pages and 70 plates. 

The seventj’’ color plates about which this atlas is built are unquestionably 
the finest reproductions of periphei'al blood films stained with IVright’s stain 
that have so far been printed as a collection in this country. They are at least 
the equal of the excellent color plates which appeared in DoATOey’s Handbook 
of Hematology. The illustrations were painted by Dr. C. Merrill Leister; 560 
separate plates, each reproduced in eight colors, were made for the seventy full- 
page plates. Reproductions of color tone, of nuclear structure, and of cytoplas- 
mic inclusion bodies are amazingly accurate. Eosinophilic and neutrophilic 
granules in several instances appear slightly diagrammatic, but this is a minor 
objection. A student or a physician trjdng to identify blood cells on a slide in 
which young or abnormal forms of cells ai’e present would receive greater help 
from this atlas in his attempt to identif.y the cells which puzzle him than from 
any other source noAv available. 

In addition to the color illustrations, there are a number of charts, 144 
pages of text, and a comparatively short bibliography. The text itself, written 
by Drs. Blackfan and Diamond, is characterized by a simplicity and clarity 
of expression which is unusual in hematologic writings. Following a brief de- 
scription of the blood in infancy and childhood, the authors discuss the etiology, 
the clinical manifestations, and diagnosis and treatment of the anemias, the dis- 
eases involving Avhite blood cells, and the purpuras. For each dyscrasia, one or 
two cases histories, carefully selected to illustrate problems of diagnosis and treat- 
ment, are given. While the book eoneei-ns itself primarily with hematologic ab- 
normalities in children, niuch of the information will prove valuable to the 
internist as Avell as to the pediatrician and student. It should be pointed out, 
however, that it does not purport to be a complete text of blood disorders. The 
IjTnphomas other than Ijunphatic leuceraia and the hemorrhagic diseases other 
than purpura are discussed very briefly since they do not cause characteristic 
cytologic changes in the peripheral blood. Discussion is limited entirely to con- 
ditions with which the authors have had close personal experience. 

While the reviewer does not wish to detract in any way from the impression 
he hopes to give of the book’s fine qualities, he should record a few omissions 
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which seem unfortunate. Nothing is said in the section devoted to the treatment 
of congenital hemolytic anemia of the possible danger of accelerating hemolysis 
by giving transfusions prior to splenectomy. Sicklemia, or the sickle-cell trait, 
is not sharply differentiated from sickic-cell anemia. Most readers would ap- 
preciate loiowing the percentage incidence of the variou.s types of leiicemia seen 
by the authors in their wide experience. Tlie appearance of tlie megakaryocytes 
in the bone manwv of cliildrcn witli primary fhromboeyfopenic pnrpura is not 
described; many hematologists regard this cytologic change as moderately 
specific. Auer bodies arc neitlier mentioned nor illustrated. 

The book is beautifully printed on fine paper. Anyone acquainted with 
the cost of color illustrations, particularly those printed in eight colors, will 
recognize how moderate is the price of $12. As a matter of fact, every reader 
should bo aware of his debt not only to the authors, but also to the Common- 
wealth Fimd for having shared so large a percentage of the e.xpense. The atlas 
probably represents the last major publication of work in which the late Dr. 
Blackfan participated. It could be considered a worthy memorial. 

Secretory Mechanism of the Digestive Glands. By B. P. Babkin, M.D., D.Sc., 
DL.D., F.E.S.C., Research Professor of Physiology, McGill University, 
Montreal, Can. ; Formerly Professor of Physiology in the University of 
Odessa, Russia, and in Dalhousie University, Halifa-x, Nova Scotia, Can. 
IVith 220 illustrations. Paul B. Hoeber, Inc., Now York, N. Y. Price 
.$12,75, Cloth with 900 pages. 

Dr. Babkin has brought out a book on the secretory mechanism of the di- 
gestive glands based upon several coui'ses of lectures given by him during the 
last ten years to postgraduate students at McGill University and some lecture- 
reviews presented at University College. London, and at the Universities of 
Edinburgh and Birmingham. Sluch of the material for this book is derived 
from work performed by him and his co-worker.s. There is a great deal of dis- 
cussion of the secretion of the gastric juice and of the gastric muens. In ad- 
dition there is a detailed discussion of the secretion of the saliva, a subject which 
has not often been treated in such detail in many texts. 

The hook is well illustrated and contains a hugh bibliography. It is an ex- 
cellent review far those men interested in the mechanism of the secretion of the 
digestive glands aud will be of particular value to research laboratories. In 
view of the marked revival of interest in both theoretical and elinieal gastro- 
enterology during the last few years, it should prove useful to the gastro- 
enterologist doing research and teaching, but the book will liave little value to 
the average clinician, 

C. J. B. 

An ontUne of Tropical Medicine. By Otto Saphir, M.D„ Director of the De- 
partment of Pathology of the Mieliael Reese Hospital; Professor of Patliol- 
ogy. University of Illinois College of Medicine. Miclmel Reese Foundation, 
Chicago, 111. Cloth with 86 pages. 
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An Introduction to Public Health. By Harry Stoll Mustard, Director DeLamar 
Institute of Public Health, College of Physicians and Surgeons, Columbia 
University. Second edition. The ilacmillan Co., New York, N. Y. Price 
$3.25. Cloth Avith 283 pages. 

Internes’ Handbook, By M. S. Dooley, M.D., A.B., Professor of Pharmacologj-, 
and Maynard D. Holmes, M.D., P.A.C.P., Professor of Clinical Medicine, 
Third edition. J. B. Lippineott Company, Philadelphia, Pa. Price $3.00. 
University of SjTacuse Medical School. Cloth with 579 pages. 



ISOUniUNITY TO THE EH FACTOR AS A CAUSE OP BLOOD 
TRANSFUSION REACTIONS 


Elmer L. DeGowin, M.D. 

Iowa City, Iowa 

I N 1939 Levine and Stetson' reported tlic case of a woman who, after delivering 
a macerated fetus, developed a hemolytic reaction to a transfusion of blood 
from her husband. The blood of the husband and wife belonged to group 0, 
but the recipient’s serum was shown to contain an agglutinin which acted 
against the cells of about 80 per cent of persons belonging to Group 0. The 
agglutinable factor was not H, N, or P. The potency of the agglutinin was 
diminished in two months and had disappeared from the blood in one year. 
It was concluded that the antibody was an isoimmune phenomenon which 
might have resulted from disintcgi-ation products from the dead fetus. Injec- 
tions of agglutinable blood cells into rjibbits failed to yield an antiserum. 
Landstciner and 'Wiener," in 1910, using agglutinin sera prepared by injecting 
rabbits with erj-throcytes of rhesus monke.vs, demonstrated antibodies exhibiting 
specificity apparently similar to the serum described by Levine and Stetson. 
The rabbit serum agglutinated the cells from approximately 85 per cent of 
human beings. Tliey designated the agglutinable factor by the initials Rh. In 
the same year, AViencr and Peters' reported three cases in which repeated trans- 
fusions of Rh-positive blood into Rh-negativc recipients stimulated the forma- 
tion of anti-Rh agglutinins resulting in hemolytic reactions. Levine and co- 
workers* demonstrated the probabilit.v that erythroblastosis fetalis is caused 
by the development of antibodies in the Rh-negative mother against the Eh-posi- 
tive blood of the fetus, resulting in a hemolytic type of anemia in the infant. 
They also described transfusion reactions in the mother from the presence of 
anti-Rh antibodies developed by pregnancy.* 

Some individuals whose blood is Rh negative would seem to possess the 
potentiality of developing anti-Rh agglutinins by either of two mechanisms ; by 
receiving blood in repeated transfusions from Rh-positive donors or by bearing 
children whose blood is Rh positive. Since approximately 15 per cent of persons 
of the white race in the United States have blood which is Rh negative, it 
might be considered that the development of isoimmunity to the Rh factor 
would be a common phenomenon through either of the two mechanisms. 
Actually, although the combination of Rh-positive child and Rh-negative mother 
occurs in about 1 of 10 pregnancies, only 1 pregnancy in 400 results in hemolytic 
disease of the child. It has also been noted that not alt Rli-negative recipients 
are immunized by repeated transfusions of Rh-positive blood. 
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It is particularly desirable to obtain some perspective on the incidence of 
isoimmunity in a general transfusion sei’^’ice because the prevention of trans- 
fusion reactions due to the anti-Eli agglutinin requires special laboratorj' tests 
preliminar}' to transfusion. The military employment of multiple transfusions 
of Group 0 donors to recipients of any blood gi’oup Avitliout preliminary cross- 
matching also raises the question of possible mortality from isoimmunization to 
the Kh factor. 

METHODS OP IXVESTIGATIOX 

During a period of eighteen months (March 1, 1943, to Sept. 1, 1944) a 
series of 5,386 consecutive blood transfusions given to patients in the State 
•Univei'sity of Iowa Hospitals, under the supervision of staff members of the 
Blood Transfusion Service, was studied. The majority of the recipients were 
chronically ill. Transfusions were given without regard to the Eh type of the 
donor or the recipient. IMany recipients received multiple transfusions. The 
obstetric historj" of female patients was disregarded, at lea.st before transfusion. 
The recipients included both adults and children who were patients in a general 
hospital of approximately 800 beds. The blood of both donor and recipient 
was gi'ouped with anti-A and anti-B sera of high titer, using the centrifuge 
technique. IMost of the transfusions involved blood of homologous group. Pre- 
liminarj- cross-matching was performed at room temperature, the erythrocyte- 
serum suspensions being centrifuged and read within three minutes. In the 
great majority of cases, blood preserved in the modified Eous-Tumer mixture' 
and stored from one to thirty days at from 4 to 6° C. was employed, although 
some transfusions of citrated blood, both fresh and stored, were given. 

Most of the recipients were visited after transfusion by a member of the 
staff of the Blood Ti'ansfusion Service. Chills, fever, urticaria, d 3 ’.spnea and 
other signs of reactions were noted. The post-transfusion urine was examined 
for hemoglobin. In eases of reaction a.ssoeiated vdtli blood transfusion, the 
blood of the donor and recipient was tj'ped for the Eh factor and the blood 
was cross-matched to determine the presence of anti-Eh agglutinins. These 
tests were performed bv incubating a mixture of appropriate erj'throcj’tes and 
serum for sixty minutes at 37° C., resuspending, and centrifuging for one minute. 
Then, after gentle shaking, the suspension was examined in the microscope for 
the presence of even small clumps. 

CLASSIFICATIOX AXD IXCIDEXCE OF REACTIONS 
' Eeactions were classified according to the chief clinical manifestation. 
Manj' were characterized by chills and fever of onl}' a few hours’ duration. 
In these, the presence of hemoglobinemia was excluded bj' examination of the 
recipient’s serum for hemoglobin and bilirubin. Urticarial reactions were easj' 
to identif}'. Hemolj'tie reactions were diagnosed bj' the presence of hemoglobin 
in the post-transfusion urine or bj- the demonstration of free hemoglobin or 
increased bilirubin in the recipient’s serum. Jaundice was determined by in- 
spection. Gastrointestinal reactions were characterized bj' nausea and vomit- 
ing; tbeir nature is ruicertain. Cardiovascular reactions were evident bj" the 
clinical signs of left-sided cardiac embaiTassment : dj’spnea, c.vanosis, coarse 
rales in the lungs, and prompt cessation after the application of tourniquets to 
the extremities. 
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The incidence o£ reactions due to all causes was as follows : 


Transfusions v,itliout reactions 5^200 

Transfusions with reactions of all types 18(5 (3.4%) 

Total tranafusious 5,38G 

The 186 transfusion reactions were classified as follows: 

Chills ami fever 101 (1.8%) 

Urticaria 44 (0.8%) 

Hemolysis 12 (0.2%) 

Jaunilico 8 (0.1%) 

Gastrointestinal 11 (0.2%) 

CanViovascular 10 (0.1%) 


In the 186 reactions of all types, but six were found which could be attributed 
to isoimmunity to the Rh agglutmogon. This constitutes an incidence of reac- 
tions due to the Rh factor of 0.1 per cent in the 5,386 blood transfusions. Iso- 
immunity was responsible for 3.2 per cent of the 186 reactions in the series. 
Sensitization to the Rh factor was attributed to multiple transfusions in four 
instances; pregnancies were responsible in the other two. There was one fatality. 


Blood Thansfusiok Reaction's Analyzed Accordin(} to the Number per Recipient and 
3ex op the REariENr 


NUMBER or 
TRANSFUSIONS 
PER RECIPIENT 

MALE RECIPIENTS 

FEMALE IIECIPIE.NTS 

NUMBER OF 
RBapIENTS 

TOTAL 

TRANSFU- 

SIONS 

NUMBER OF 

reactions 

NUMBER OF 
RE(TPIENT.S 

TOTAL 

TRANSFU- 

.SION’S 

number of 
RE. tClTONS 

1 

SOS 

oos 

15 

532 

5H2 

17 

2 


410 

17 

194 

3SS 

15*f 

3 

107 

471 

9 

121 

3G3 

Vi 

4 

77 

308 

8} 

61 

244 

15 

5 

53 

205 

6 

32 

160 

911 

0 

32 

192 

4 

19 

114 

7 


24 

IGS 

4 

1.3 

91 

1 

8 

10 

80 

1 

10 

80 

0 

9 

10 

90 

3 

1 

9 

1 

to 



3 

5 


1 

11 

4 

44 


5 

55 


12 

3 

36 

sit 

4 

48 

4 

13 

4 

52 

1 




14 

3 

42 

2 

1 

14 


15 

1 

15 





IG 

3 

4S 


2 

32 

1 

17 

1 

17 

0 

2 

34 

0 

19 

1 

19 

1 

1 

19 

0 

20 

1 

20 

0 



0 

21 

1 

21 

0 

1 

21 

0 

23 

2 

46 

7 




24 

1 

24 

1 




25 

1 

25 

0 




28 

1 

28 

0 




40 

1 

40 

0 




93 

1 

93 

4 





1,112 

3,132 

98 

1,004 

2,254 

8S 




(3.1 ±0.2%) 


3.9±0.47o) 


Total number of transfusions 

5.3SG 




Total number of reactions 

18G (3.4 + 0.2%) 



tlBcVudes Case 44-053S. patient senstUaed by tra^tuslons ncjt Included tn this series, 
llndudes Case SS-lOMG. patient probably sensitized by single pregnancy, 

flndudes Case 43-11801, patient sensitized by transfusions, 

llincludea Case 3S-42221. patient sensitized by transfusions, 

iindudes Case 3S-159SI. patient sensitized by transfusions. 

••Includes seven urticarial reactions in one redplent. 
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In Table I are recorded the data on transfusion reactions distributed accord- 
ing to the sex of the recipients and the number of transfusions received hj" 
each. In any large grouj) of recipients receiving multiple transfusions, the inci- 
dence of reactions due to isoimmunity to the Rh factor might be expected to 
be higher in females than in males because manj^ of the former have had the 
added factor of pregnancy. There appears to be a statistical^ significant dif- 
ference in the incidence of tz'ansfusion reactions of all types in the males and 
females of this series (3.1 + 0.2 per cent as opposed to 3.9 + 0.4 per cent), 
although two males and two females were actually shomi to have been sensitized 
by previous transfusions. With improved serologic methods, a greater number 
of reactions might be proved to be due to isoimmunity to the Rh factor. 

Analysis of the data sheds some light on the probability of the Rh-negative 
recipient becoming sensitized to tlie Rh factor by receiving multiple blood 
transfusions. No patient in this series developed isoimmunity with less than 
four transfusions. Taking four blood ti’ansfusions as a purely arbitrary mini- 
mum for purposes of calculation, there were 242 males and 157 females who 
received four or more transfusions. It can be assumed that approximately 
15 per cent of the 399 recipients, or sixty persons, were Rh negative. Only 
four of these were proved to have become immunized to the Rh factor, aiz inci- 
dence of 6.6 per cent. 

CASE HISTORIES OF PATIENTS SHOWING ISOIMMUNITY TO THE RH FACTOR 

Case 43-HS94. — Man, physician, aged 37 years, Group 0. A gastrectomy was per- 
formed for a duodenal ulcer. The patient received transfusions of homologous group blood 
Oct. 28 and Oct. 30, 1943, nithout reaction. Nov. 27, 1943, he received another transfusion 
whicli was accompanied by urticaria. A fourth transfusion Jan. 25, 1944, was associated with 
a chill and fever of 103° P. Tliere were no further signs or symptoms. The blood of the 
last donor was found to be Bh positive. The recipient's blood was Eh negative, but no anti- 
Eh agglutinin could be demonstrated in the serum. Isoimmunity in this instance was at- 
tributed to repeated transfusions. 

Case 38-15984. — Jlan, aged 21 years. Group O. The patient was under treatment for 
tuberculosis of the left hip. In a period of a month, from Oct. 10, 1943, to Nov. 11, 1943. 
he received ten blood transfusions of homologous group. The first four transfusions were 
without incident. There were chills and fever with the fifth and sixth. No reaction followed 
the seventh and eighth. Violent chills and fever were associated with the ninth and tenth 
transfusions. The recipient's cells were Eh negative and the serum contained an anti-Eh 
agglutinin. The ceEs of the last two donors rvere Rh positive. The cells of the father of the 
patient were found to be Bh negative. Subsequently the son was given two transfusions of 
the father’s blood without reaction. 

Case 38-42221. — ^IVoman, aged 37 years. Group A. After an incomplete abortion, the 
patient received blood transfusions July 6, 7, and 11, 1944, without reactions. Aug. 1, 1944, 
another transfusion of homologous blood group was accompanied by violent chills, pain in the 
thighs, and temperature of 101.2° F. A small amount of free hemoglobin was present in the 
blood serum after transfusion and there was hemoglobinuria. The recipient’s blood was 
demonstrated to be Eh negative and contained agglutinins against the Eli-positive blood of 
the last donor. Aug. 20, 1944, she received another transfusion of Eli-negative blood without 
reaction. The obstetric liistory was interesting. There had been nine pregnancies, all de- 
liveries having been performed in the University Hospitals. The sixth pregnancy had resulted 
in a premature infant who died in the hospital without signs of erj-throblastosis fetalis. The 
blood of seven living children was typed for the Bh factor. The children from the first, sec- 
ond, and fourth pregnancies were Eh positive; those from the third, fifth, seventh, and eighth 
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wero all Sli negative. This was concluded to be another example of isoimmunity developing 
from Tcpcateil transfus>ions, although the occurrence of the abortion suggests a possible trans- 
placental mechanism. , 

Case 44-1090. — M oman, aged 49 years, Group B. During treatment for metrorrhagia 
from chronic cervicitis, tJie patient received a blood transfusion of homologous group Peb. 2, 
1944. This U'as associated with chills and fever. The next day she was given a second trans- 
fusion which resulted in a violent chill, fever of 103.8® F., and transient jaundice which ap- 
peared in about six hours. The blood cells were found to be Kli negative and the serum con- 
tained anti-Eh agglutinins nhich strongly agglutinated the cells of many Rh-positive bloods by 
the centrifuge technique without incubation. The blood from the last donor was Eh positive. 
Three transfusions of Eli-negative blood were later given without reaction. The children, from 
the first three pregnancies were living. In subsequent pregnancies, there had been three mis- 
carriages, one stillbirth, and one child who died of umbilical hemorrhage two weeks after birth. 
It is probable that isoimmunity in this instance was due to repeated pregnancies, although the 
last had occurred ten years before. 

Case 38-1038G. — Woman, aged 23 years, Group A. The patient was a primipara who 
entered the hospital with signs of toxemia of pregnancy. She had previously received a blood 
transfusion of homologous group Sept. 23, 1943. without reaction. Aug. 3, 1944, a second 
transfusion was given. "When 350 c.c. of blood had been injected, the recipient had a chill, 
the temperature rose, and severe dyspnea developed. Coarse rales were present in the lungs. 
The transfusion was immediately discontinued and a specimen of the recipient's blood ■was 
promptly collected. The serum was yellow when contrasted with the normal color of the pre- 
transfusion specimen. Tliere was no free hemoglobin in the Bcrum, but the van den Bergh 
reaction was 6.1 units, delayed direct. The urine for the next twenty-four hours contained 
no hemoglobin but was colored a deep brown with piguient which gave the chemical reactions 
for bilirubin. The transfusion reaction precipitated labor and tlie patient was delivered of 
a dead infant estimated to be eight months old. The child was somewhat jaundiced and the 
abdomen was distended with ascitic fluid Blood taken from the right ventricle yielded a 
yellow serum with a* van den Bergh reaction of 4.0 units, delayed direct. The baby’s 
erj'throcytea contained abnormally high numbers of normoblasts and megalocytes. The 
post-mortem findings were consistent with a diagnosis of erythroblastosis fetalis. The 
mother's blood cells were Eh negative and the infant’s were Eh positive. The mother's serum 
contained no agglutinins acting 'against the baby’s cells or against tho Eh-positive blood 
of tho donor. No antibody could be demonstrated by Wiener’s “blocking test’’T where the 
mother’s serum and the baby’s cells were incubated and anti-Kh serum then added. Agglu- 
tination was not inliibitcd by tins procedure. Fourteen days after the transfusion, the mother’s 
serum contained a weak, but definite, agglutinin ngainst Eh-positive cells. This case is 
notable for several features. It is unusual for erj'throblastosis to occur during the first preg- 
nancy. The development of isoimniunity from the first tiansfusion is also unlikely. A 
transfusion reaction occurred, apparentlj' from incompatibility to the Eh factor, although no 
agglutinin could be demonstrated. Wiener’s blocking test failed to reveal the presence of an 
antibody. An anti-Eh agglutinin appeared in the serum witliin fourteen daj-s after the 
transfusion and delivery. The free hemoglobin from the intravascular hemolysis was ap- 
parently so rapidly converted to bilirubin that none was detected in the serum immediately 
after the transfusion. A considerable amount of a pigtuent, apparently bilirubin, was ex- 
creted in the urine for many hours after hemolysis. 

Case 44-G538.— Woman, aged 30 years. Group B. The patient had never been pregnant. 
In 1933 she developed bronchiectasis and lobectomy was performed in the University Hos- 
pitals. The operation was complicated by empyema thoracis. During a stormy postoperative 
course, she received three blood transfusions (Group B) Oct. 1<, 18, and 19, 1933. Each 
was followed by fever, but it was impossible to determine whether this was due to the in- 
fection or to the transfusions. It tvas the judgment of those in attendance tliat there had 
been no transfusion reactions. After operation for a gangrenous appendix, the patient re- 
ceited another transfusion Dee. 23, 1934, rrithout reaction. A diaphragmatic abscess de- 
veloped and tvas drained. Another transfusion tvas given without reaction Dec. 28, 1934. 
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During the intervening years an abscess of the lung developed at the site of the lobectomy 
and the patient was readmitted to the hospital with hemoptysis. On July 7, 1944, she re- 
ceived a transfusion of Group B blood without reaction. Another transfusion was given 
July 19, 1944. The patient was carefully observed during the administration of the 500 c.c. 
of blood because a new type of apparatus was being used. No untoward symptoms were 
noted during transfusion, but about twenty minutes after conclusion of the procedure, the 
patient had a chill and the temperature rose to 102° F. She was not considered to be 
seriously ill by the physician in attendance and it was not until fourteen hours later that a 
small amount of urine was voided which contained hemoglobin. The patient appeared 
apathetic and the skin was flushed. The heart rate was fast; the blood pressure measured 
GO mm. of mercury, systolic, and the diastolic pressnre could not be measured. Since there 
had been no recent loss of blood and there was vasodilatation, it was considered that the 
condition was primary shock. The blood pressure was restored and maintained at normal 
levels with subcutaneous injections of ephedrinc during the day. The daily urine volume 
varied from 50 c.c. to 250 c.c. for the remainder of life. The values for urea nitrogen and 
creatinine of the blood increased rapidly. Solutions of dextrose, saline, and sodium lactate 
were administered parenterallj-. The renal pelves were lavaged with warm water through 
the eystoscope. 'With continuing oliguria, decap.sulation of the kidneys was performed by 
Dr. E. H. Flocks, of the Department of Urologj', Julj’ 22, 1944. The kidneys were normal 
in size and the capsules stripped with ease. The operator thought that the kidneys were 
slightly edematous. The urinary excretion increased but little with any type of therapy. 
The patient became stuporous and died July 31, 1944, on the eleventh day after transfusion. 
The blood urea nitrogen at the time of death was 87.5 mg. per 100 c.c., and the creatinine 
of the blood was 14.5 mg. per cent. 

Post-mortem examination was not permitted. A blood specimen taken from the 
patient fourteen hours after transfusion was examined. The serum was pink and spectro- 
photometric tests showed the pigment to be hemoglobin. No methemoglobin was present in 
the serum. The urine voided during the fourteen hours after transfusion exhibited in the 
spectrophotometer the typical bands of hemoglobin as well as those of methemoglobin. 
The patient’s cells were Eh negative and those of the last donor were Eh positive. The 
recipient’s serum contained an agglutinin which reacted against the donor’s cells, after in- 
cubation for sixty minutes at 37° C., but did not react when the centrifuge technique with- 
out incubation was employed. ^ 

CLINICAL MANIFESTATIONS OF TRANSFUSION REACTIONS DUE TO ISOIMMUNITY 

Prom the analysis of transfusion reactions and the case histories of patients 
shoMong: isoimmunity, it is evident that transfusion reactions due to sensitivity 
to the Kh factor cannot be differentiated bj"^ clinical symptoms and signs from 
those due to other causes. In some instances, the chills and fever, resulting 
from the transfusion of Bh-incompatible blood, are clinically indistinguishable 
in severity or in course from the symptoms resulting from the injection of 
pyrogens of bacterial origin. There is no conclusive evidence from this study 
that urticarial reactions are related to isoimmunity to the Eh factor. 

Clinically there seem to be slight differences bet-ween the hemolytic reac- 
tions due to the Eh factor and those caused by transfusion of blood incom- 
patible in the ABO system. These differences are probably quantitative rather 
than qualitative. They are explained by the relative -weakness of the anti-Eh 
agglutinins. The recipient who hemolyzes blood by means of an anti-Eh anti- 
body frequently does so at a slower rate, and the total circulating free hemo- 
triobin is not gi’eat at any one moment. The symptoms are thus slow in develop- 
Tn", as witness the fact that the patient who suffered the fatal reaction ex- 
hibited no signs of clinical significance until after the entire transfusion had 
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been concluded. Prom thc.se considerations it is probable that some instances 
of isoimmune reactions escaped notice in this series because of complete lack 
of clinical symptoms. These could only he detected by laboratory procedures 
whicii would reveal failure to attain the expected blood count after transfusion 
or by the demonstration of increases in serum bilirubin level after transfusion. 
Such indications of increased rate of hemolysis, of course, are not specific for the 
anti-Rh antibody but would apply equally well to the increased loss of blood 
which had not been projicrly preserved. 

DIFFICULTIES IN TESTING FOR RH INCOMPATIIUI.ITIES 

There are many obstacles which present difficulty in the search for incom- 
patibilities to the Rh factor in a blood transfusion service. The first is the lack 
of adequate sources of Rh-typin" sera. Thus far, antisera derived from labora- 
tory animals have not proved .satisfactoiy. Serum collected from the rare 
patient who develops sufficient agglutinin titer, cither by repeated transfusions 
or by pregnancy, constitutes the only source. The problem is still further 
complicated by the demonstration by Wiener’ of at least three antisera which 
are required to determine with certainty that cells from any source are Rh 
negative. 

There is a disturbing lack of adequate methods of demonstrating anti-Rh 
antibodies in the laboratory. Although hemolysis of Rh-positive blood fre- 
(luently, or perhaps alwaj-s, occurs when it is transfused into a recipient pos- 
sessing an anti-Rh antibody, no one has been able to demonstrate hemolysis in 
the test tube. Where isoimmunity to the Rh factor probably e.xists, no agglu- 
tinin can be demonstrated in many instances by the methods now 'in use. 

It is frequently necessary to work with weak anti-Rh agglutinins in cross- 
matching blood. Difficulty is occasionally encountered in determining whether 
significant agglutination has occuired. This is particularly true in dealing 
with preserved blood. During storage the erythrocj-tes sediment and sometimes 
adhere so that some agitation of the suspension is necessary to separate them. 
On the other hand, it requires little shaking to break up the agglutination caused 
by the anti-Rh serum. The interpretation of the finding of small clumps of 
cells in the erythrocyte-sernm suspension is difficult. The differentiation be- 
tween rouleau formation and true agglutination offers difficulties which are 
aggravated when preserved blood is involved. The erythrocytes during storage 
frequently lose their biconcave, discoid shapes so that when rouleaux form, they 
appear as clumps rather than as stacks of coins. The usual method of dis- 
tinguishing these from clumps due to the presence of the anti-A or anti-B 
agglutinins is to dilute the cell-serum suspension with saline and agitate, the 
rouleaux being broken up readily by this procedure. This maneuver, however, 
also breaks up the clumps formed by the anti-Rh sernm, especially when the 
titer is weak. 

The time required for incubation of cell-serum suspensions for the demon- 
stration of the anti-Rh agglutinin (from thirty to sixty minutes) imposes a 
serious delay if the transfusion is required as emergency treatment. In view 
of the incidence of isoimmunity to the Rh factor presented in this paper, it is 
the practice of staff members of the Blood Transfusion Service to forego the 
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incubation of cell suspensions preliminary to urgent transfusions. The delay 
is considered more dangerous than the possibility of a reaction from Rh-incom- 
patible blood. 

SUMMARY AND CONCLUSIONS 

1. A series of 5,386 consecutive blood transfusions was studied. Multiple 
transfusions were given to recipients without regard to Rh type or to obstetric 
histoiy of female recipients. Transfusion reactions of all types were studied 
for evidence of isoimmunization with the Rh factor. 

2. The incidence of transfusion reactions of all types in the series was 
3.4 ± 0.2 per cent. In 3,132 transfusions given to 1,112 males, the incidence of 
reactions was 3.1 + 0.2 per cent. In 1,004 female recipients of all ages, the 
incidence of reactions was 3.9 ± 0.4 per cent in 2,254 transfusions. This is con- 
sidered to be a statistically significant difference in the sexes which may possibly 
be explained by isoimmunity to the Rh factor developed during pregnancy. 

3. In the 186 transfusion reactions of all types, only six were found which 
could be attributed to isoimmunity to the Rh factor, an incidence of 0.1 per 
cent in the 5,386 transfusions. Isoimmunity was attributed to multiple trans- 
fusions in four instances and to pregnancy in two. Tliere was one fatality 
from transfusion of Rh-positive blood into a recipient wlio had been sensitized 
by multiple transfusions. 

4. There were 1,717 recipients receiving from one to three transfusions. 
In this group, none was sufficiently sensitized to the Rh factor to give clinically 
significant reactions. It is estimated that of the 399 recipients receiving four 
or more transfusions, approximatelj’’ sixty were Rh negative. Only four, or 
6.6 per cent, of these were immunized to the Rh factor by multiple blood 
transfusions. 

5. The case histories of the six recipients with isoimmune reactions are re- 
ported. Preliminary cross-matching for the anti-Rh agglutinin would not have 
prevented all of the reactions. A series of increasingly severe reactions in a 
recipient cannot be depended upon as adequate warning of developing sensi- 
tivity to the Rh factor. 
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STUDIES OF SICELE-CBLD FORMATION IN NORMAL SALINE, 
PLASJIA, AND SERA WITH CARBONIC ANHYDRASE INHIBITORS 

Major Wray J. Tomlinson, JIedical Corps, Army of the United States, and 
Jaaies E. Jacob, B.S., Ancon, Can,il Zone 

T O DATE, no rcpoits liai'e been mndc upon tlie presence, or absence, of tlie 
enzyme carbonic anhydrasc in relation to the plionomenon of sickling eryth- 
rocytes. Also, considerable diserciiancy exists among various reports'"* con- 
cerning the abilitj' of susceptible erythroc.vtc.s to sickle when washed with normal 
saline and resuspended in normal saline, jilasma, or sera. We desire to report 
controlled .studies upon sickle-cell I'onnation under the above eireumstances, 
studies on the role of carbonic anhydrasc in siekle-cell formation, and the effect 
of its inhibition. 

M VTERIAL 

The blood for these studies was obtained from British West Indian or 
Panamanian Negroes admitted to this hospital for a variety of complaints not 
related to the sickling iihcnomenon. Blood from one outpatient with active 
sicklo-coll anemia in an asymptomatic period was also used. Sickle-coil prep- 
arations were made in all eases by using No. 1 cover slips and scaling the edges 
with petrolatum. The preparations were checked immediately and in twentj'- 
four hours. All blood used showed at least 80 per cent siekled forms in twenty- 
four hours at room temperature (28° C.). 

I. EFFECT OP normal SALINE, PLASMA, AND SERA SUSPENSION MEDIUMS ON 
SICKLE-CELL FORMATION 

Material and Procedure —Blood from fifteen patients with sicklemia and 
one with active siekle-cell anemia was available for this study. The blood speci- 
mens were, where desired, defibrinated in the usual manner and separated into 
cells and sera h.v centrifuging and rcsas|)cnding the cells in normal saline (0;85 
per cent). For other uses 10 e.c. of blood were placed directly into a 30 c.c. 
volume test tube containing 17 mg. (+) of potassium oxalate. (A one-half 
saturated solution of potassium oxalate was used; 0.1 e.c. of this solution was 
placed in the bottom of each tube and evaporated. By analysis, this has been 
found to leave 17 mg. [+] of potassium oxalate in each tube.) The oxalated 
blood was centrifuged and the plasma removed; then the packed erythrocytes 
were washed in the following manner. Conical 15 c.c. centrifuge tubes were 
used and 0.5 c.c. of ])acked er.vthrocytes and 14 c.c. of normal saline were thor- 
oughly mixed and then centrifuged for four minutes at 2,000 r.p.m.; the super- 
natant saline was poured off and the packed cr,ythroe,vtcs were resuspended in 
saline and the process repeated the number of times indicated. Following the 
last centrifugation tlie supernatant saline wa.s removed and the volume of 
packed erythrocytes was made up to 1 e.c. with cither normal saline, plasma, or 
serum as dc.sircd. Prom these suspensions, petrolatum-sealed cover-.slip prepara- 
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tions Avere made and examined immediately and in twenty-four horn’s. The 
blood from the patient with active sickle-cell anemia was the onlj’- one which 
showed sickled forms (15 per cent) immediately after the sealed preparation 
was made. 

Table I 

Pekcektage Sicklixg IX Twexty-Four Hours When Washed Susceptible Erythrocytes 
Are Suspexded ix Salixe, Sasie, axd Other Plasma and Sera 


TIMES SUSPEXDED CASE 
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100 

100 

100 

90 


blood 


‘Active sickle-cell anemia. 


BcsulU . — Prom Table I it is seen that washing susceptible erythrocytes five 
times with normal saline has no effect upon tlieir ability to siclde in twentj'- 
fonr hours when tliey are resuspended in normal saline. Washing the erythro- 
cytes ten times reduces their ability to sickle from 50 to 75 per cent, while wash- 
ing twenty-times almost always removes their ability to assume sickled forms in 
normal saline. 

In the experiments using the patients’ omi plasma and serum for suspend- 
ing the cells after washings, five iva.shings had little or no effect in preventing 
sickle formation, while washing ten times reduced the ability of the cells to 
assume sickled shapes from 60 to 70 per cent. 

In experiments using plasma and sera from normal white and Negro per- 
sons of the same blood gi’onps as the cases of sicklemia being studied, washing 
the erji:hroc 5 'tes five times before suspending in the plasma or sera had little 
or no effect, while washing ten times reduced the abilitj^ of the cells to assume 
sickled shapes from 45 to 75 per cent. The implications of these findings vfill 
be discussed later. 

n. KXPBRIMENTS OX OXVGEXATED BLOOD mTH SUBSTAXCES KXOWX TO BE 
C.ARBOXIC AXHTDRASE INHIBITORS 

Material and Procedvre. — Carbonic anhydrase, an enzjnne which catal 3 'zes 
both phases of the reversible reaction H-COs CO- + H-O, is present in all 
mammalian erythrocytes. Its presence accelerates the reaction above so that the 
exchange of gases can occur under normal conditions during the passage of 
blood through the pulmonary circulation. No studies have been reported upon 
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the presence of, or the relation between, carbonic anliydrase and the sickling of 
erj'throcj'tes. 

Sulfanilamide and zinc salts,“ ammonium thiocyanate,® and cyanide com- 
pounds' have been shown to inhibit or destroy the action of carbonic anhydrase, 
and these substances were tested against the blood of sicklemic patients and of 
one with active sickle-cell anemia. The oxalated bloods were thoroughly oxy- 
genated and normal saline solutions of the various test compounds were added 
to make final 1 :1,000 dilutions in the blood. They were thoroughly mixed, then 
petrolatum-sealed cover-slip preparations xvere made immediately. These prep- 
arations were examined at once, in twenty-four hours, and in forty-eight hoiu’S. 
The twenty-four and forty-eight hour results were similar and only the twenty- 
four hour figures are given. 

Bes^ilts . — In Table II are the figures representing the percentage of sickled 
forms present. Sulfanilamide and ammonium thioc 3 'anate were inconstant and 
incomplete in their effects. Zinc salts and the cyanide radical were complete 
in their effect, preventing tlie formation of sickle forms be.vond the numbers 
already present, as in Case 1 of active siclde-cell anemia. The sickled forms in 
this case could not be changed to discoid forms by passing pure oxygen over the 
blood for ten minutes before starting the experiments. Sodium acetate was 
used as a control since the zinc salt used was an acetate and the cyanide radical 
was combined with sodium. It showed no inhibition of the sickling phenomenon. 

m. EXPERIJIEXTS ox CARBOX.\TED BLOOD WITH SUBSTAXCES KXOWX TO BE 
CARBOXIC AXHYDRASE IXHIBITORS 

Blood was exposed to a pure carbon dioxide stream for fifteen mmutes, 
then mixed -with carbonic anhydrase-inhibiting agents (zinc acetate, sodium 
cyanide, 1:1,000), and sealed cover-slip preparations were examined immediately 
and in twenty-four hours. Sickling ivas complete when preparations were 
examined at these times. The cover slips were then pried off and air was ad- 
mitted. In contrast to the usual preparations treated by removing the cover 
slips after sickling has occurred, there was no resumption of the normal discoid 
forms. 

Likewise, fulh' oxy’genated blood was mixed with the same inhibiting agents 
and cover-slip preparations were made. No sickling was present immediately, in 
twentj'-foui', ov in forty-eight hours. 

DISCUSSIOX 

lilurphy and Shapiro® studied one case of active sickle-cell anemia and felt 
that sickle-cell fonnation in normal saline suspensions xvas variable and was 
influenced by the erjdhrocyte concentrations. They felt that high erythrocyte 
concentrations metabolized the oxygen in the saline and resulted in sickling, 
while low erythrocyte suspensions, failing to metabolize the oxygen, did not 
show .sickle forms. They do not indicate the number or extent of washings 
with which the cells were treated, and no comparisons can be draivn between 
their work and that reported here. Our studies were completed when their 
report became available and we have not attempted to cheek the effect of cell 
concentrations; however, in our experiments the cell concentrations ran as 
high or higher than tho.se present in the unaltered blood from our patients. 
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A considel^^tion of the percentages of sickle-cell formation in saline, plasma, 
and sera using saline-washed cells immediately leads to the opinion that long 
washings remove some substance necessary for sickling, or for the exchange 
of carbon dioxide and oxygen which makes sickling possildc. This substance, is 
not contained in jdasma or serum, inasmiieU as susceptible erythrocytes after 
twenty washings with normal saline do not assume sickle forms when resuspended 
in their original pbasma or sera. The substance might be carbonic anhydrase. 
No determinations of carbonic anhydrase content were made on the saline wash- 
ing fluid because of technical difficulties. However, Scott and Mendive® record 
a 29 per cent loss of carbonic anhydrase activity by washing erythrocytes three 
times with 0.9 pei* cent sodium chloride and then extracting with alcohol and 
chloroform. 

From the experiments on carbonic anliydrasc iiiliibition we feel that the 
evidence indicates that carbonic anhydrase is probably present in normal, 
active amounts in the erythrocytes of people with the sickling phenomenon and 
docs not enter into the phenomenon of sickling beyond its normal function, 
namely, facilitating the exchange of carbon dioxide and oxygen. Inasmuch as 
sulfanilamide and ammonium thiocyanate gave incomi)lete and inconstant in- 
hibition of the carbonic anhydrase activity, it is possible that some other mech- 
anism may be involved. 

SUMMARY 

1. Erythrocytes capable of ass\iming sicklcd shapes will do so when re- 
suspended in normal saline, their original plasma or serum, or in other com- 
patible plasma or serum, providing they have not been washed more than five 
times in normal saline. 

2. iMultiple washings of the erythrocytes remove some substance, possibly 
carbonic anhydrase, which is necessary for the phenomenon of sickling. 

3. Zinc acetate or sodium cyanide in concentrations of 1 :1,000, when added . 
to oxygenated blood, prohibits sickle-cell formation. 

4. Zinc acetate or sodium cyanide in concentrations of 1:1,000, when added 
to carbonated blood, does not reverse the siekled fonns and they do not resume 
discoid shapes when exposed to air or oxygen. 
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NONSPECIFIC COMPLEMENT-FIXING ANTIGEN IN EMBRYONIC 

EGG TISSUES 


First Lieutenant Kenneth Wertman 
Sanitary Corps, Army op the United States 

C OMPLEMENT-FIXING antigens prepared from embiyonated chick eggs 
are being used extensively for the diagnosis of virus and rickettsial diseases. 
Bengtson^’ " prepared antigens for “ Q ” fever and murine typhus from infected 
yolk sac cultures, while McKee, Rake, and Shaffer^ prepared antigens for 
lymphogranuloma venereum from the same tissue. Rejmolds and Pollard* em- 
ployed commercial typhus vaccine as a complement-fixing antigen for tj^ihus 
fever. Plotz^ recommended tlie use of purified rickettsial antigens for the diag- 
nosis and differentiation of epidemic and murine typhus, and Smadel, Wertman, 
and Reagan® employed the same principle in the preparation of a psittacosis 
antigen. Yanamura and Meyer' prepared a psittacosis antigen from chick em- 
biyo cells gromi on a semisolid medium used by Zinsser, Plotz, and Enders® for 
the cultivation of rickettsiae, while Plotz and IVertman® prepared a Rocky 
Mountain spotted fever rickettsial antigen from infected chick embryo cells 
grown on the same medium. 

The fact that normal tissues contain antigen that reacts with Wassermann- 
positive sera is well knoM'n. Alcoholic extracts of infected and normal tissue 
have been described as Wassermann antigens by Detre’“ and Landsteiner, 
Muller, and Potzl.^^ Mazzini*^ described a microscopic flocculation test for 
syTihilis in which the antigen was prepared from beef heart and egg yolk. This 
antigen contains an ether-insoluble, alcohol-soluble lipoid which reacts ivith the 
syphilitic antibodJ^ Guggenheim*® found that the injection of egg yolk caused 
the formation of antibodies of the Wassermann type in rabbits. 

Since crude egg antigens are being used extensively in the complement fixa- 
tion tests, it was thought advisable to study more thoroughly the nature of this 
nonspecific complement-fixing phenomenon. 

In the several techniques advocated for the performance of complement 
fixation tests, the time of primaiy incubation and temperature has varied. 
Bronfenbrenner and Sehlesinger*® found that short periods of primary incuba- 
tion at 37° C. were sufficient to permit the more active antigens and antibodies 
to unite and could be used for presumptive elimination of strongly positive 
sera. They stated that icebox incubation for from eight to ten hours, while in- 
creasing the degree of fixation, may" give nonspecific reactions in that even traces 
of secondary antigens and their antibodies may" cause fixation of complement. 
Kolmer, Rule, and Yagle** have similarly- shown that a prolonged period of 
primary incubation at icebox temperature increases the fixation of complement. 

Plotz® and Plotz and Wertman,® recognizing the possible danger of non- 
specific reactions ivith secondary antigens at 8° C. overnight, yet wishing to 
use the more sensitive technique, advocated the use of highly purified antigens 

Erom the Division of Virus and Rickettsial Diseases. Army Medical School. Army 
Medical Center, tVashington 12. D. C. 
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from which such uouspecific suhstances have been removed. With the use of 
such materials it has been found tiiat the more .sensitive technique of overnight 
fixation at from 4 to S° C. yields nuich higher titers withoi^t interference of non- 
specific reactions with syphilitic serum. 

Because of the possibilitj' that persons unfamiliar with the details of the 
preparation of these antigens might attempt to interchange the recommended 
techniques of primary incubation, it was decided to stud.v the degree of non- 
specific complement fixation with the use of nomal egg antigens as well as with 
crude rickettsial antigens prepared from infected eggs when primary incubation 
of one hour at 37.5° C. and of eighteen hours at from 4 to 8° C. was employed. 

Methods . — Complement titrations were carried out with varying quantities 
of a 1 :30 dilution of commei-eial lyophilizcd guinea pig serum ; that is, 0.08 c.e. 
to 0.26 c.c. with increments of 0 02 e.c. One exact unit was defined as the 
minimal amount of complement in which complete hemolysis of the sensitized 
sheep cells had occurred. A full unit was that amount in the second tube giving 
complete hemolysis or 0.02 c.c. greater than the exact unit. Two full units of 
complement in a volume of 0.5 c c. were employed throughout the study. In 
order to establish whether any complement activity was lost, other than by 
apecifle fixation, parallel titrations of 14 unit, 1 unit, 11,4 units, and 2 units were 
run for each period of primary incubation. 

In the antigen titration, 0.25 c.c. of serum dilution, 0.25 c.c. of antigen 
dilution, and 0.5 c.c. of complement (containing 2 full units) were mixed for 
the primary incubation. After incubation, a suspension of sensitized red blood 
cells, which consisted of equal amounts of amboceptor (3) units and sheep 
erythrocytes (3 per cent), was added in 0,5 c.c. volume to each tube. The total 
volume in each tube was 1.5 c.e. Secondary incubation for tliirty minutes at 
37.5° C. was then employed. In reading the tests, a 4 plus (no hemolysis of 
the sensitized cells), and a 3 plus (25 per cent hemolysis of the cells) were taken 
as end points. A 2 plus (50 per cent hemolysis of the cells) or less was con- 
sidered as not significant. Primary incubation, which was the onl.y variable, was 
carried out for one hour at 37 5° C., four hours at from 4 to 8° C., and eighteen 
hours at from 4 to 8° C. The usual controls for the complement fixation tech- 
nique were incorporated in each protocol. 

Antigens were prepared from normal yolk sac,s and embryos of developing 
hen eggs at the ages usually employed in preparing rickettsial and virus comple- 
ment-fixing antigens; that is, 10- and 11-day-old developing chick embryos. The 
yolk sacs or embryos were shaken with glass beads and 10 per cent suspensions 
in saline were prepared. The suspensions were centrifuged at 1,500 r.p.m. for 
thirty miirutes in an International Ccntrifirge, Type SB to remove the large 
particles, and the supernatant fluid from each suspension was employed as 
antigen. 

The same pools of human sera fi-om syphilitic and nonsyphilitic individuals 
were used throughout this stud}’. The pool of sera from sypliilitic persons was 
markedly pasitive with both Kahn and Kolmer techniqires. 

Effect of Pnmartj Incnhation on Normal Egg Ariti.creiis.— Various fractions 
of the prepared normal egg antigens were titrated against syphilitic and non- 

Pooled scrum from syplillltlo and non-sjTliimic Individuals supplied by the Division 
Of Serology’, Army iledical school. 
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sj'pliilitie sera. Twofold dilutions of antigen were tested at varying primary 
incubations against, twofold dilutions of .serum. 

In the fii-st test, normal 10 ])er rent yollc .sac and normal 10 i)er cent embryo 
suspensions were studied (Table 1). .Since the non.syphilitie .sera tc.sted at 1/5 
and 1/10 dilutions were completely negative against all dilutions of antigen at 
the three periods of primary incubation, only the 1/5 dilution of thc.se sera i.s 
included in the tables. 

TAiii.r. I 

KFFKCT of PUtllAF.y lN’cnH.\TION' O.V Pn.WTIO.V OF SVI'ltn.Fi'le .Sf,!;.\ .VNI) Xokm.m. 

Kfic Antiof.n'.s 


SKRUM 

KKRUil 

DII.UTIOX 

10 i*i:u ri:N*T xormat. York 
SAC SUSPr.N'SION’** 

TKST IN’(;UDATrr> AT Tin: 

rou.otviKo 

10 RKi: CK.VT XORWAh 
KMIIRYO .SL'SPKNSIOX* 

TRST IN'CUIIATKI) AT THE 

kom/>wixo 

1 tlR. AT 

-1 HR. AT 
-1 TO 8° 0. 

18 HR. AT 
•1 TO 8° 1-. 

I III:. AT 

r.T..')” c. 

4 nil. AT 

4 TO 8' c. 

IS HR. .\T 

4 TO S' 

Nonsypliilitic j)nol 

i/n 

0 

0 

0 



0 

Sj-pliilitic pool 

I/O 

I/IC 

1/10 

1/12S 



]/r.4 

SypliilUic pool 

1/10 

l/S 

1/S 

1/04 

■B 


1/32 

Syphilitic pool 

l/CO 

0 

0 

l/.'lL’ 

HH 


1/S 

•Syphilitic pool 

^/w 

0 

• 0 

1/10 

HH 


1/4 

Syphilitic pool 

l/SO 

It 

0 

1/10 



0 


•Twofold dllutlon.s of (intlson tllnilcd. 


In Table I it is dcmon.strated that both the normal yolk sac antigen and the 
embryo antigen arc capable of fixing comiilemcnt in the presence of .syjrhilitic 
sera. It also illustrates that greater fixation re.sults when the more sensitive 
technique of eighteen hours’ incubation in the cold is employed. 

It was then of interest to determine whether this nonsirocific agent could 
be removed by ether extraction and further jn-occssing. The antigens were 
therefore extracted with ethyl ether, and the resulting emulsion and excess 
ether were discarded. The aqueous fractions were then titrated as before with 
the use of the same procedure (Table II). 

'J’Ani.c H 


Keaction of SYrnn.iTic Sera ani» ETJiEK-ExTRACTKn Normai, Antigens 


SERUM 

SERUM 

mi.UTTOX 

]0 PER CENT XORMAU YOEK 
SAC, ETHER-EXTRACTED* 
TEST INCUBATED AT THE 
EOLEO^VIXO 

10 TER CENT NORSfAl, EM- 

RRVO, ETIIER-EXTRACTED* 
TEST INCUDATED AT THE 
FOLl.OWtNO 

1 HR. .\T 
37.5” c. 


IS HR. AT 

4 TO 8° r. 


4 HR. AT 
-1 TO C. 

18 HR. AT 
4 TO 8° 

Nonsypliilitic pool 

1/5 

0 

0 

wKm 

0 

0 


S>-pliilitic pool 

1/5 

1/4 

1/4 

HB 

1/4 

1/8 

i/o- 

Sjiitiilbic pool 


<1/41 

<1/4 

BB 

<1/4 

1/4 

1/10 

831)101*110 pool 

1/20 

0 

0 

KB 

0 

0 

1/b 

S3'philitic pool 

1/40 

0 

0 


0 

0 


831)11111110 pool 

1/80 

0 

0 

0 1 

0 

0 



•Twofold dilutions of antigen titrated. 

t<34 indicates a 1 plus or 2 plus reaction at that dilution. 


From the results shown in Table II, it is noted that while the ether extrac- 
tion I'emoved approximately one-half of the reacting antigen from normal yolk 
sac and normal embryo antigens, a considerable amount of antigenic material 
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Still remained which was more active when the more sensitive technique of pri- 
mary incubation for eighteen hours at from 4 to 8° C. was used. 

Ether-e-vtracted normal yolk sac suspensions and ether-extracted embryonic 
tissue were centrifuged in an angle centrifuge in the cold at 12.000 r.p.m, for 
one hour. The resulting .sediment was rcsiispcndod to tlie original volume with 
0.85 per cent saline solution and tested as was the supernatant fluid against the 
sera from syphilitic and nonsyphilitic individuals. In Table III it is shmvn 
that the antigen reacting with syphilitic sera remained in the supernatant fluid 
after centrifugation at 12,000 r.p.m. for one hour, while the sediments did not 
react even when the move sensitive technique was employed. 

Tarlc III 

KBAcnoK OF SypinLiTic Sera and Etiifr-Extracted N’ormab Ecg Anwobns 



RWCUNATANT TESTED AT 


18 JIR. at 1 HR. AT 1 4 HE. AT 1 ]8 HR. AT 
4Tf>8" C. .'^7.5®. C. 4T0 8“c. 4T0 8“ c. 


A. 10 Per Cent I^'ormal Totk Sac, Ether-Eztiacted, 1Z,OOQ for One Hour'* 


Nonsyphilitic pool J/5 0 

Sj-philitic pool 1/5 0 

Sj-philitic pool l/in 0 

Sj-philitic pool 1/20 0 

Sj-philitic pool J/40 U 

S^^phllitic pool 1/8-) 0 



Nonsj’pbilitic pool 
Syphilitic pool 
Sj^philitic pool 
Sj^philitjc pool 
S;>7ihi]itie pool 
Syphilitic pool 


UEFORE E.\TJ!ACTI0N AhTEK E.'iTRACTION 
WIVK ALCQllQh \riTU Ahcoaoiu 

0 0 

3/G4 0 

1/32 0 

1/8 0 

J/4 0 

0 0 
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In Table IV it, is indicated tliat the reacting antigen was removed by the 
absolute alcohol extraction. IMoreover, the alcoholic extract behaved like lipoid 
antigen lor sj'philis and gave positive reactions with syphilitic sera. 

When it was found that the nonspecific antigenic material was removed 
by alcohol extraction, it was necessary to determine the effect of alcohol on the 
antigenicity of a suspension of concentrated rickettsiae. A su.spension of e]u- 
demic rickettsiae was therefore extracted with alcohol and titrated against 4 
antibody units of a homologous convalescent scrum. The alcohol-treated antigen 
was no longer active although the original material was antigenic at a dilution 
of 1/120. 

Specific nnd Noiuspccific Acfivifij of Cnidc Riclrtisud Er/rj Antigens . — 
Since Bengtson’’ " employed yolk sac antigens which had been purified by only 
one centrifugation and rc.suspcnsion and since llcynolds and Pollard’ recom- 
mended the use of commercial typhus vaccine as a complement-fixating antigen, 
it was considered of interest to tost these antigens with syphilitic and non- 
syphilitic sera, using primary incubation of both one hour at 37.5° C. and 
eighteen hours at from 4 to S° C. The results obtained arc indicated in Table Y. 

Tabi.e V 


Specific and No.v.specific Titf.r of Cuuw; Hk'icett.siai, Ugo Axtioe.vs 


SEHUM 

SKRUXt 

mi.UTlON' 

C'OMMEUCIAI, TmiUS 
VACCINE 

CRUDE TYPE TYPHUS 
ANTinKN 

1 im. .vT 
.17.5'’ c. 

IS HR. AT 
•1 TO 8° 0. 

1 HR. AT 
R7.5® C. 

IS HR. AT 

4 TO S° C. 

Epidemic typlms 

(4 iiiiit?) ■ 

1/10 

1/0} 

i/:',2 

>1/128 

Nonsyphilitic pool 

I/O 



0 

0 

Sj'pliilitic pool 

l/o 

0 

i/ms 

0 

V12S 

Syphilitic pool 


0 

1/04 

0 

1/12S 

Sj'pliilitic pool 


0 

<1/04 


1/04 

Sj'pliilitic pool 


0 

]/:!L> 


l/;!2 

Sj'pliilitic pool 

1/SO 

0 

1/10 


1/S 


These results indicate that while the antigens tested did not give positive 
reactions with the pool of syphilitic sera employing the technique of a short 
period of incubation at 37.5° C. recommended by the authors, they nevertheless 
gave a considerable reaction with the same sera when tested by the more sensi- 
tive method of eighteen hours at fi-om 4 to S° C. Likewise, the degree of non- 
specific reaction of these antigens was well within the range of the specific titer 
with homologous antiserum and indicates that in serum titrations false positive 
fixation with the sera from syphilitic individuals would be obtained. In fact, 
when the sera from ten .syphilitic individuals that Mmrc Kahn positive were 
tested with these antigens at eighteen hours at from 4 to S° C., eight gave fixation 
of complement at a serum dilution ranging from 1/10 to 1/SO, and two were 
negative at 1/10 dilution. 

The Absence of Nonspecific Reacting Suhstaiiccs in Rickettsial and Tints 
Antigens Prepared From Egg Material by Repeated Centrifugation and Re- 
suspension. — As was indicated previously, Plotz and I succeeded in eliminating 
nonspecific Wassermann type antigens by repeated centrifugation and washing 
of the spotted fever rickettsial suspensions. It was thought advisable at this 
time to reeheck the activity of several of the purified antigens used at the Arm.v 
Medical. School against their homologous antisera as well as against the syph- 
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ilitic pool, using the various indicated periods of i>rimnry incubation. For this 
purpose purified antigen.s for epidemic typhus,^ murine t.vplius,^ and psittacosis® 
ivcrc titrated against 4 units of homologous antibody as well as against the 
positive and negative syphilitic pools used in a dilution of 1/5 and 1/10, 

The results obtained are demonstrated in Table VI. 

In these titrations, 2 full units of oomplemcnt remained in each comple- 
ment titration control with eacli period of primary incubation. It is evident 
from Table VI that a primary incubation of eighteen hours at from 4 to S° C. 
is the more sensitive teat ; that is, complement is hound at a higher dilution of 
antigen when tested with a constant amount of antiliody. S.vphilitie sera, on the 
other hand, did not fix comiilemenl with Iho.se antigens at from 4 to 8° C. 


Table VI 

Specific Antioex Titers at Vakyin'c Pkimary Intubations 


PUniFIED ANTIGEN’S 

ANTISEra’M 

Highest dilution of antigen fixing 
COMPLEMENT AT 

1 HR. AT 

.17.5“ <\ ! 

4 IIK, AT 

4 TO 8“ C. 

18 HR. AT 

4 TO 8* c. 

Epidemic typlius 

Epidemic (-1 umf») 

1/jO 

1/(50 

1/120 


Syphilitic pool 1/." 

0 

0 

0 

Murine typhus 

^furine (4 

l/.)0 

1/(50 

1/100 


Syphilitic pool l/.l 

0 

0 

0 

Paittneosis 

P.<ittncosi<! (4 unit*!) 

1/S 

Not done 

1/24 


Svphilitic pool l/o 

0 

Not (lone 

! 0 


DISCUSSION 

This study emphasizes certain points wliieh must be taken into considera- 
tion when employing complement-fixing antigeius prepared from embryonic 
egg tissues. WJicn relatively crude antigens arc used, as suggested by Bengt- 
son^'“ and Bejmolds and Pollard/ the technique of eighteen hours’ incubation 
at from 4 to 8° C. cannot be used because nonspecific fixation of complement 
occurs witli sera from syphilitic individuals. While the technique of one hour 
at 37.5° C. decreases this nonspecific reaction witli sj’phililic sera, tlic specific 
reaction is, at the same time, less sensitive in that lower antigen titers are ob- 
tained. With purified washed antigens, on the other hand, the sensitive tech- 
nique of eighteen hours’ incubation, at from 4 to S® C., can be used without non- 
specific reactions with sypiiilitic sera. It is for tiiis reason that only purified 
rickettsial and psittacosis-lymphogranuloma venereum antigens are used in the 
Division of Virus and Rickettsial Diseases, Army Slcdical School. 

SUJIMABY 

1. Normal yolk sac and normal embiyo tissues contain an antigen whieli 
reacts witli sypiiilitic sera. This reaction Is more marked with a primary in- 
cubation of eiglitecn liours at from 4 to 8° C. than with a primary incubation 
of one hour at 37.5° C. 

2. This nonspecific antigen is reduced approximately 50 per cent by ether 
extraction and is completely removed by extraction with absolute ethyl alcohol. 






IIS 


WEKTltAN 


3. A simple eentrifiipiation .anti rcsiispcnsion of llic tissue sediment reduces 
the nonspecific activity, tvliile repeated wasiiing and centrifugation completely 
eliminates it. 

4. Crude rickettsial antigens that have undergone limited proco.ssing con- 
tain this non-specific antigen in low titer. While lhc.se antigens did not give 
fal.se positives with the syjihilitie pool scrum used at ;i primary incubation of 
one hour at 37.5° C., they did give .strong false positives with the technique of 
eighteen hours’ incuh.'ition at from 4 to 8° C. It is po.ssihlc that similar fal.se 
positive reactions may occur with other .syphilitic sera and some antigens even 
when a primary incubation of one hour at 37.5° C. is used. 

5. Rickettsial and elementary body antigens that have been purified by 
repeated washing and centrifugation no longer contain nonspecific complement- 
fixing antigen and may he u.sed in tests cnii)loying tlic more .sensitive lecliniqne 
of primary incubation of ciglilocn hours at from 4 to S° C. 

Tlio author wishc.s to ackiiowlcilgc llio tccliiiiral a(..«i.<tJmcc of Corporal George A. 
Kromhout and Airs. Alarlha C. Rape. 
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AN ALKALINE JIEDIUJI AND PKOCEDURK FOK THE SELECTION 
OP DERMATOPHYTES IN THE PRESENCE OP 
SAPROPHYTIC FUNGI* 


J. M, Leise, M.S., AND L, H. Jajies, Pti.D. 
CoiJjEqe Pakk, JId, 


T he litei’ature contains information showing the patliogcnic fungi, tliat is, 
the dermatophytes, to bo capable of growing in media of iiigli initial pH 
values. Should the common sapx‘oj)hytic fungi be found not capable of growing 
in such media, it would then npi)ear possible to apply this principle in a medium 
that would favor the dermatopliyte.s over the rapidlj- growing saprophytic fungi. 

This paper deals with tlie .study of the growtii of both dermatopliytcs and 
saprophytic fungi in the allcaline i)H range and tiic development of a selective 
medium. 

HISTORICAL 


The etfects of pH on tlie growth of dormatopiiyte.s and saprophyte.s have 
been studied by many workers. In 192C Keller’ found tliat the “Ifaufman-WolE 
fungus" developed in media of a wide pH range from 6.8 to 12.0 with the 
optimum being from pH 6.8 to 7.0. He also found that E puUrmopliyion in- 
guinaU developed in a pll range of from 6 to 10 and gren’ best in a modinm of 
pH 7.0. 

Tate’ refers to VerujsUy (1887) as finding a neutral or sligJitly acid medium 
most favorable for growth with the optimum temperature being about 33® 0., 
using Tricophijto^i tonsurans and Achorion schoenletnii, Tate,’ using botii 
Sabouraud’s and synthetic media, found wide pH ranges for growth of tlic 
dermatophytes; the limit for growtii on the acid side being from 3.0 to 4.0, while 
it was "beyond pH 8.0” on tlie alkaline side, the optimum pH being about G.O 
to 7.0. He .stated that all the dermatophytes were found to have an active 
proteolytic enzyme which acts in an alkaline medium and can hydrolyze intact 
proteins (casein) witli the production of free amino acids. This enzyme re- 
sembles trypsin, no pepsin being found. In Aspergillus niger tlio protcohtie 
GnzjTne acts in a strongly acid medium and re-sembles pepsin. 

In 1929 Kadisch’ found the host growth of tlie dermatopliytcs on 
Sabouraud’s maltose agar, on 3 per cent peptone agar, and on Griitz-glyeerine 
agar occurred at from pH 7.2 to 7.6. He found a tendency for ciiltiirc.s started 
on the acid side to become alkaline as a result of fungal activity. He also* found 
37° C. unfavorable for Achorion gijpsemn. Biltris* grew TnchopJigton gijpscum 
asteroides on peptone 3 per cent and agar 1 S per cent, with the medium at 
initial pH values of 3.8, 6.0, and 11. No fiiscaim occurred at pH 11. 

Mallinckrodt-Haupf’ found that T. gypseum grown in buffered solutions foi 
several months ebauged an acid medium to basic and a basic .solution to almost 
neutral. This was true also for Achorion qmneleamm, Imt it made the basic 
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medium more .-icid (pIT (UO 1o fi.92 from j)II S.O). When these fiinsi wdrc 
started on media at pH G.Ol to 7.19 lliey eliaiifrod tiie pH to tlic basic .side of 
neutrality, wliilc Pcnkilliuin fihiuntm and “llosa ijiiftliefe” made the same 
media more acid. Tlicse dill’ei’enees are explained by tiie ability of the pathogens 
to break down llic j)rotcin so\irce of nitrogen. 

In 1930 Talicc' presented data wliicli .sliowcd SahouraudHcs (irnnnlosns (on 
Sabouraud’s proof medium) able to grow at a minimum of pH 4 with its maxi- 
mum above 9.G. Botli Pfuicillium cilrhiuvi and Jihizopiix nifincaiis were able 
to grow at i)IT 2.2, witli tbeir minimum ])1I being below this. Tiieir maxiimnn 
pH wa.s, as with S. gramilosvs, above 9.G. Tiie oiitimum of S. (iramtlosus was 
given as pH 6 to 7. 

Levin and Silvor.s'* found the reaction of the fourtli intcrdigital sjiace of tlic 
foot to vary in different individuals from pH G.30 to 7.85. Tlie liigher value 
wa.s obtained from a case of marked derma fopbytosi.s. Another liigh value of 
pH 7.G5 was obtained, and this, too, was from an aetive ease of derinatophytosis 
of the foot. 

Jfallinekrodt-Haiipt,’' in disciassing the change in reaction which the niokls 
pi'oduce in the growth medium, stated that true deimatophytcs, with the excep- 
tion of the Ei)idermophylon fungi, .showed strong tendencies toward the forma- 
tion of alkali, while most of the sa])roi)hyfic Hyidiomycefcs ])roduccd aeid. 

Cerutti'" .stated that T. (jijpscum always gives an alkaline reaction during 
its development, while the “Achorion of Schocnlcin” and the “Sporotrichum of 
Gougerot and Schenck’’ give an acid reaction at the beginning that later turns 
toward alkalinity. 

Bclisario’^ stated that “the predilection of mycological infections for the 
palms and soles is due to the alkaline tendency of the sweat in these areas.” 
Where sebaceous glands are richly suiiplied, mycotic infections are rarely found, 
he .states, and "... the hyperacidity of the .sebaceous ghnuls at ])ubort.v, through 
increasing the hydrogen-ion concentration of the seal)! .sAveat, may afford a 
feasible explanation of the di.sap])earance of certain small-spore ringworms at 
that age.” 

Williams'" noted an apparent slight increase in growth of T. (/upscum Avhen 
the pH of the medium (cysteine) was raised from 5.4 to C.G. 

Peck and Rosenfeld,"* using “Sabouraud’s bouillon” unbuffered, obtained 
growth of T. gypscum in the range of j)!! 3.4 to pH 10.0 inclusive. No growth 
occurred at pH 3.0. U.sing jMcIllvainc’s buffci’s, they obtained growth from pH 
3.4 to pH 9.0. Plates poured with buffered media showed groAVth throughout the 
whole pH range (from 4 to 10) .studied, but T. gypscjim showed definite retarda- 
tion at all pH values except pH 7.0 and 8.0. E. inguinale was retarded through 
the series. T. gypscum Avas found to increase the pH once groAvth started, and 
at the end of three Aveeks Avithont buffer raised the pH from 5.0 to pH 7.6, Avhere- 
as Avith buffer the pH rose to 6.5. As all of the nonbuft’ered solutions rose to a 
pH of from 7.6 to S.O, Peck and Eo.scnfcld concluded that the “optimum” pH 
range for T. gypscum must lie here. They belicAm that the presence of a buffer, 
when it interferes Avitli the production of a pH value optimum for groAvth, re- 
tards the groAvth of the organism and explains the less vigorous groAvth obtained 
Avith buffered solutions as compared Avith that obtained in nonbuffered solutions. 

In media Avith no buffer and pH values from 4.0-S.0, Peck and Rosenfeld 
obtained a change to a more alkaline pH using T. gypscum; at pH 8.0 there AA^as 
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only a sliglit increase iii the pH value, and at pH 9.0 and 10.0 a cliaiigo to a 
more acid reaction took ]iUiee, the pH dropping to X.OS and 7.S7, respectively. 
"With htiffers the pH incrca.sed lc.ss and dropped more (except at pH 3.4). there 
being a sharp drop from pll 8.0, 9.0, and 10.0. 

METHOD.^ 

Cultiii'cs . — The saprophytic fungi used in this stiidj- consisted of A. nigev 
No. 7, A. iiiger No. 12 (isolated from worn shoes), It. nigricans, Pcnicillium 
species No. 8, No. 9, No. 10, and No. 11, with the latter three species being isolated 
from worn shoes. All three genera arc the ones comnionly occurring on shoes, 
floors, etc. The dermatophytc.s used were, Epidrrmophyion florcosum, Tricophy- 
toH intcrdigifalc, Tricophyton ptirpurenm and T. gypsemn. 

In the early part of the research a piece of colony growth was streaked over 
the surface of the agar or it was shaken with water and then poured with the test 
media. Latei', suspensions of llie enlturas were made with water, and both 
streaked and poiirad plates were made, ttsing the suspeasion as tlie iiioeulutn. 

AfctZtH and Incubation. — Sabouraud’s maltose .agar of the following eompo.si- 
tion tvas used throughout this study: Bacto-peptone, 10 Gm. ; baeto-inaltose, 
40 Gm,; bacto-agar, 15 Gm. ; .md water, 1,000 e.c. No ad,iustmcnt of the pH was 
made prior to sterilization at 15 pounds .steam pre.s.s\)rc for twent.v minutes. 

Immediately before plates were poured witli this medium the pH was ad- 
justed by the addition of approximately 1.0 N sterile NaOU to the bottles of 
melted agar. Adjustment to pH 10.5 w,as made by the use of Ijallotte purple. 
This was later ehocked with a Beckman pH meter. The media were not buffered, 
and it is recognized that the pH rvas lowered merely upon standing. Thus the 
pH values given arc tlie initial values only, and the term alkaline medium 
refers to Sabouraud’s dextrose or maltose agar ad,)ustcd to .an initial pH of 10.5 

exferimental 

Effects of Increased Alkalinity . — As an acid pH is used to inhibit bacteria 
while permitting mold growth, the effects of using a low pH of 3.0 and a high 
pll of 8.0 on the growth of pathogenic and nonpathogenie fungi were studied. 
Plates of Sahouraud’s maltose agar were ad,iusted to a pH of 3.0 with lactic acid 
and to pll 8,0 with sodium hydroxide and streaked with saprophytes and 
dermatophytes. After incubation at 34° C. for fifteen days, both A. niger No. 7 
and Penieillium sp. No. S had failed to sliow growth at either pH. However, 
with three dermatophytes {T. interdigitale, t'. gypscum and T. purpurcum) 
growth occurred hi three and one-half days on the pH S.O medium hut did not 
occur on the pH 3,0 medium. Therefore, pH values of 8,5 and 9.0 were tested 
along with pH 8,0. 

Since the combined effeets of temperutuve and pH arc likely to he more 
pronounced than either one alone, plates of Sabouraud's maltose agar adjusted 
to the dc.sirecl pll values were streaked with v.arious fungi and ineulmted at 34° 
C. and at 37° C. In Table I, Pari A, it is indicated that (he temperatures used 
do not infiuence growth (with the exception of Pcnicillium sp. No. S) until the 
pH of the medium is raised to 9.0. At this pH. all of the molds tested, with the 
exception oi A. niger No. 7, gave less growth at 37® C. than at 34® C. At 37 C, 
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and pH 9.0, R. nn/ncavs was coinplclely jnlnhilcil, wliile Peiiieillium sj). No. 8 
took longer to initiate gi-owth at 37° C. tlu-m it did at 31° C. regardie.ss of tlio 
1)11 used. As the pll increa.sed from S.O to Sf) to 9.0 and witli an incubation 
temperature of 34° C., it is seen that none of file dermatoplij-tes was inliihited. 

T.UJI.K I 

GnowTit or PrnsiATornvTE.s .ckd y.\ri:oi>)iYTns Stu.altil os .S.\i!oui:.vta>’.s M.m.tosk AG.\r. at 
VA inor.s Hvi>i:ogi;s-Io.n' Co.vcE.\Tt!ATios.<^ 

isciJii.vnoN ,\T .ar Ast) c. 


Part A — Media Adju.stcd to Initial pH of 8.0, 8.5, and 9.0 


rin.Ti’KKS 

i.vrunA- 

T!ON' 

TKMl'niA* 
TL*KK ® r. 

.SAllOURAUD’S .MAI.TOSE AG.tR OP 

pH S.O 

1 pH 

s..-> 

pH 9.0 

DAYS INTUBATION''' 

I DAYS INTUBATION" 

DAYS INCUBATION* 

4 

0 

■! 

0 

■I 

0 

T. intordigitale 


i *. X 

+ •!■ -f 

4- 4 4- 

•(■ + + 

4' 4 4* 

4* 4" 4- 


mai 

T f -f 

4- + 4- 

f •• 4 

4-4-4- 

4- 4- 

4-4- 

T. gypseum 

1 34 1 

f f f I 

+++ 

4* 4- t 

4-4-4- 

T 4- f 

xxf 




■}-+ h : 

4* 4' 

4 4° r 

4-4- 

4- 4- 

T. purpiircuni 

mS 

4. 4- + 

+ + + 

« ! - 

+ + X 

X X 



■u 

4--T 4- 

4- 4- 4* 

- i. 4 

+ + + 

-f 

+ + 

R. nigricans 


i t- 4 

4-4 4- 

‘ r 

I + + 

X 

X i 


i 

*4- ■*- 

4.-1.+ 

* • 4 

+++ 

- 

- 

A. niger No. 7 

34 

- + 4- 

4 -* + 

1 4-t 

+ + + 

X X 

4-4- 


37 

4. 4 + 

+++ 

4 4- i- 


4- -r 

4- 4- 

Penicilliuiu sji. No. S 

34 

4- 

•f 

4- 

4 

+ + 

4- 4- 


37 

- 

+ 

- 

X 


+• 


-. No (Tiowih. 

+. SliRlit srowth. 

+ +. Good growth. 

+ + +. A'ery Rood Riowtli. 

+ + + +, Excellent Rrowtli. 

±. Growth douh'ful ii.s to iire.^nce or typo (dcriimtophyte or s-opropliytc). 
nianl! space."! indicate iilale.s were not road, 
p. Pinpoint “colonics." 

•All pl.atc.s examined nl.«o after elRht dny.s and .showed no chanKc. except Pcnlcillium 
■sp. No. S was deOnltely + at ST^C. pll O.ii. 


Tahi.i: T 

GnowTii or Dersiatophvtes and S.M’KoriiYTE.s SlnaKfil on .S-tbouhavd '.s Mai.tose Agar at 
Various IIydroge.n-Ion Co.noe.vtrations 

iNt'URATION AT •'>4'’ AND 37° G. 


Part B — Media Adjusted to Initial pH of 9.0, 9.5, and 10.5 


CULTUIIES 

INTUBA- 

TION 

tempeba- 

TUBE ° C. 

SABOURAUD’S MAhTOSE AGAR OK 

pH 9.0 

pH 9.0 

pll 10.5 

DAYS INCUBATION 

DAYS INTUBATION 


»-> 

3 

7 

10 



7 

wm 


3 

7 

10 

T. intordigitale 

34 

37 

4-H- 

44-4 

++H- 

4+4+ 

■H44 

1444- 

m 

■J"-l-4- 

4+ 

4444- 

444 

H44 

■f444- 

4444 

++++ 

444 

444 

4 

4444 

44H 

f+++ 

44-H- 

4444 

T. gj'pseum 

1- 
CO CO 

44-4- 

-H4 

4++1 

44+4 

-H44 

4444- 

M 

-H4- 

4-f- 

-H-hf 

444- 

m 

4444 

4444 

444 

44 

444 

444 

H44 

T. purpureuni 

34 

37 


4+ 

+44 

f+-hf 
4 t4- 

m 

H 

4 

44-4- 

444 

4444 


4 

444 

44 

444 

4444 

R. nigricans 

34 

37 

4 

44- 

+4+ 

+44 

+4+ 


- 

- 

4 

4 

44 

- 


4 

A. niger No. 7 

34 

37 

444- 

44- 

44- 

+4+ 

4+ 

4+ 

+4 


4 

4-4- 

4 

4-4 

44 

44 


“ 

4 

4 

44 

444 

Penicilliuni sp. No. 8 

34 

37 

+4+ 

4 

+44+ 

44- 

+P 

+4 

4 

44 

44 

++++ 

4 

4 

44 

44 
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Table I 

Gr.owTir op Dermatophytes anh Saprophytes Streaked on Saroup-aud’s Maltose Aoar at 
Vapjohs Hy'Drooen-Ion Concentrations 

Incubation at 34* and 37* C. 

Part C — Media Adjusted to Initial pH of 10.5 and 11.5 


SABOUKAUD’S M.ALTOSE AOAR OF 


CULTUKRS 

TION 

TEMPERA- 
TURE “ r. 

pll 10.5 

pH 11.5 

DAYS INrun.lTION 

PAYS IXCUCaVTION 

3 

4 

7 

11 


* 


11 

T. intordiijitalo 

.^4 

+ + + + 

++++ 

4- 4- 4- 4- 

f4-4- + 

f +++ 

4 + 4- -4 




37 

- 

iP 

4- 

■H 

- 

- 

+ 

+ 

T. gvppeum 

34 

f + + 4 

++++ 

4- 4- 4- 4- 

4 4-4-4 

4 4-4-4- 

4+ + + 




37 

- 

±p 

+ 

-H 

- 

+ 

4 

+ 

T. purpureuni 

34 

+++ 

+ 4- + 



4-44 

4 + + 




37 

- 

+ p 

f 

+ 4- + 


- 

+ 

+ 

R. nigricans 

34 

- 

_ 

4- 4- 4- 


- 

- 




37 

- 

- 

- 

- 

- 

- 

- 

+ + 

A. nigor No. 7 

34 

++ + 

4* 4- 4- 

- 


■44 

+ + 




37 

- 

- 

4* 


- 

- 


+ 

Pcnieillium sp. No. S 

34 

++ 

4*4* 



■4 + 

+ + 




37 

*!-*»• 

•n- 

4- + 4* 


•4 

+ 

4 + 4 

+ + + 


Tlio saproiiliytie fungi, on the other liand, .showed loss growth at the high 
pH of 9.0. Pcnieillium sp. No.. S did not show less growth at tlie high pH but 
showed a slight increase in growth in tiiis particular e.Nporiment. These results 
indicated possible furtlior advantages in a stiil more alkaline medium. The pH 
was increased to 9.0, 9.5, and 10.5 with plates being streaked and incubated at 
34° C. and 37° C. The results obtained (Table I, Part B) show the pathogenic 
molds groiving about as well at pH 10.5 ns at pH 9.0 ivith 34° 0. as the incuba- 
tion temperature. At the same temperature and at pH 10.5, R. nigrieans and A. 
niger No. 7 were markedly inhibited (Pig. 1). A prolonged incubation period 
of fourteen days showed good growth with R. nigricans on the pH 10.5 medium 
at 34° C. but showed no growth in seventeen days on the same medium at 37° C. 

The inhibition of the saprophytic fungi at pH 10.5 is greater at 37° C., but 
the greater inhibition of the dermatophytes at this temperature than at 34^ C. 
outweighs the beneficial effects of the higher temperature. The pH 10.5 medium 
showed a distinct selectii'e action against the saproplD’lie fungi by inhibiting 
them to a mueli greater extent than the dermatophytes, so this e.xperiment using 
Sabouraud’s maltose agar adjusted to initial pH A-aliies of 9.0, 9.5, and 10.5 ivitli 
incubation at 34° C. and 37° C. Avas repeated with the result that pH lO.o at 
34° C. again showed the best selective action. 

Inasmuch as a pH of 10.5 proved effective toward attaining the desired goal 
of a medium capable of inhibiting the saprophytic fungi Avhile allowing the 
dennatophytes to grow, it Avas thought that a higher pH might prove to be more 
effective. Plates of Sabouraud’s maltose agar adjusted to pH 10.5 and 11.5 
Avere streaked individually with saprophytic fungi and dermatophytes with m- 
cubatiou at 34° and 37° C. (Table I, Part C). Tliere Avas no sigiufiront dif- 
ference betAveen groAAfih at pH 10.5 and pH 11.5 at either 34° C. or 37° C. How- 
ever, it can be seen that the best selection of dermatophytes over saprophytic 
fungi AA-as at 34° C. 
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Fig. 1. — A comparison of Saboiiraud’s dextrose nsnr and the alkaline medium inocu- 
lated with pure cultures. Incubation, three days at S4®C. 

Plates If S, and ft were poured with Sabouraud’s dextrose agar, while 2, and 6* wert 
poured with the alkaline medium. 

Plates 1 and 2 contain tlie same inoculum of R. 'nigricnns. 

Plates 3 and i contain the same inoculum of A. ntf/cr No. 7. 

Plates 5 and 6 contain the same inoculum of Pcnicillium sp. No. 34. 
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^ti'cuhcd i'5. Poured Plateii . — The test piafos iu all experiments so far were 
streaked. Ilon-evcr, as one piirpo-se of this .study was to devise a method for 
the isolation of dermatophytes from .shoes, a procedure based on streaking was 
considered inferior to tliat of inoculating plates witli a suspension from the 
leather and pouring with agar. Therefore, re.sults obtained by use of poured 
and streaked plates were compared. 

Pure cuJture.s of four strains of derjuatophytes and seven strains of sapro- 
phytic fungi were streaked and poured individually with the alkaline medium 
and were incubalcd at 37° C. The results obtained (Table II) indicate tliat 
there was .slightly I)ctter growth in the poured plates. Therefore, a comparison 
was made between the two teehniquc.s, using patliogcnic fungi individually 
mixed with PeniciHium sp. No. S. The alkaline medium was streaked and poured 
with the mixed inoeula (the .same inoculum was used for both). 


Table II 


A CoNfpAniROX OF Growth of Puri: Cultuke.s ox Streaked an’i> Toured Plates U.siko the 
A i.icAf.iNE Medium (Maltose) 

Ikcuoation at 07“ C. 


DAYS INCUDATION 




o 


4 

5 

7 

SI 

1 

2 

3 

4 

0 

7 

9* 

K. flocco.«um 

+ 

+ 

++ 

+++ 

++f 



- 

- 

+ 

4 

+++ 

•H+ 



- 

+ 

+++ 


H-f-f 

•HH4 

H-H 

- 

+ 

■H4 

+H 




'1'. Rypseum 

- 

B 

•m 

-H-H 

4-H4 

++++ 

H-H 

- 

++ 

+++ 

H-H 

H-H 

H-H 

-H-H 

T. purpureuin 

+ 

m 

•H- 


M-fh 

++++ 


B 

+ 

++ 

+++ 




R. RiRncnna 

- 


- 

- 

- 

+ 


B 

* 

- 

- 

- 

■4 

■H 

k«R9997nnaMBi 

- 

- 

++ 

+-H 

»•+++ 

-H-H 

pgg 


+ 

■H 








++ 

+++ 




■h 

4 

+ 

H 

'•H 



PenicUlium sp. No. 

- 

E 

+ 

+ 

+'!• 

+4 

li 

B 

- 

- 

- 

- 


•H4 



B 





B 

■ 






dfi.vs 

Penicillium sp. No. 

10 


- 



+ 

++ 

*■1- 

' 

■ 




H- 

■H4 

Penicillium sp. No. 

11 

- 


- 


++ 

■H 



“ 




H 


A. niger No. 12 

++ 

'•i+f' 

-H-H- 


H-H- 

-H-H- 

■H-H 

- 

-H-H 

-H-H 


•H-H 

m+ 

-H-H 


D.IYR incubation 


'Plates examined after arteen days sliowed no biiange oUicr than as noted 


Table III 


A Comparison Between Streaked and Poured Plates of AliwVline Agar (Maltose) A\ith 
Mixed Cultures of Dermatophytes Plus Penicillium Species No. 8 


Incubation at ."7® C. 


1 

CULTURES 

TYI’E of 1 

growth I 

i streaked I 

rOUF.ED 

1 DAYS incubation 

DAYS INCUBATION 

1 I 

2 

;{ 

4 

1 1 

1 ^ 

•'5 

4 

T. interdigitalc 

mm 

- 

+ 

+ j 

+ i 

■H++ ' 

- 

1 J 

+ 

+ 

+ 

+ 

T. gypseum 

n 

; 


+ 

-f 

■Hf 

- 

1 

+ 

T. purpurcum 


; - 

+ 

\ ± 


1 - 




P. Pathogen (dermatophytes). 
NP, NonpathORcn (saprophytes). 
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Tlie results arc given in Table III. All pathogenic fungi showed a slight 
growth on the streaked alkaline plates after four days’ incubation, while 
Penicillium showed a heavy gi'owth on the .same plates. On the poured plates, 
growth was doubtful or iioor for both the dcrniatophytcs and Penicillium. The 
poured plalc.s did iiot pi-oduec materially le.ss growth of the dennatophytes com- 
pared with that obtained by u.^jc of the streaked method but did .show only very 
slight. Penicillium growth when the. streaked method sliowcd a veiy good growth. 
The advantage of the poured over the .streaked plate method in inhibiting the 
saprophytic fungi wliile affecting the dermatophyte.s cither not at all or to a 
le.ss degree is definite. Using this method it is i)os.sible to inhibit Penicillium to 

T-\iii.j: n' 

OitowTH or Diam.AToeuYTrs .wo S.wroenYTrs i.v 1 ’i..\ti:s Poured With .S.wour.wn’.s 
M.M.Tosn .Vo.Mi .\T V.M'.iovs IlYnKonmv-To.s' Cos(tntil,vtios.s 

I.\ci:n.\Tio.\' .\T ar C. 

P.irt A 


SABOUItMiD ’S MAI.TOSK AO.M: Of 


rrLTuiins 

pH r>.-, 

pH P.n 


UAYS 

J'. 

0 

5 

c 

C 

'A 



tiAY.S 

iScviiXTior: 


»» 

-1 

■' 

0 

7' 

• > 

■i 

5 

r> 

7* 

E. floeco.sum 

* 

■f 

41. 

44 

4-44- 

4 

44 

444 



T. intordigitale 

■f'f 

4-f 

4 f 

4444 

44-S-4 

4 . 

■f-Hf 


00 -xg 

4444 

T. gyp.ccum 



•r-r-H- 

444 . L 


4->4 

4444 

4444- 


44-“ 

T. purpureum 

•14 



4 . 444 . 

4444 

44 


44-^4 

1^1 j' 4 '^ 

4444 

R. nigric.nn.s 



x-H-f- 

4444 

444 . 4 . 

- 

- 

44 



A. niger No. 7 

•HH* 

444 




444 

440 . 

444 



Penicillium sp. No. S 

-H-f 

444 




44 

gx 

44 



Penicillium sp. No. 0 

x.i. 

^4.J. 

-rt-T 

X44-I. 

4.104 


X 

44 

40 . 

44 

Penicillium sp. No. 10 

++ 


44 . 4 . »- 

444 . 4 . 

4444 


- 

4 

4 

*r 

Penicillium .«p. No. 11 

4444 

4444 

-hf+f 

+4+*f 


- 

- 

+ 

4 

■f 

A. niger No. 12 

-H-H- 

•H44 

4^H- 

-H-H- 

g-x-A-x 

444 

444 . 

444 





•Plate."! exatiilncd after twelve day.-! .allowed no fhanBe. e.xeei)t reniclUliim No. 5. 
No. 10, and No. li wfro * -^ * •*■, + + +. and •^+ + +, rcj-'pcctlvfly. at jtH [>.n. 


Tauli: IV 

Growth of DERjrAToriiY'TKS and S.vproi'iiytes in Pi.ate.s Poured With Sahoupavd’s 
J iALTOSE ACAR at V.VRIOUS 1 IYT)I!OGEN-Io.V CO.NCENTR.VnON.S 

rNOUIlATION .\T .SI" C. 

• Part B 


CUI, TORES 


K. floccosum 
T. intordigitale 
T. gj'pseum 
T. purpuroum 
R. nigricans 
A. niger No. 7 
Penicillium sp. 1 


Penicillium sp. j 
A. niger No. 12 


.SAnouRAun ’s jiai.tose aoai: of 



pH 10.0 



DAYS 

IXCUBATIOK 



:i 

4 

5 

G 

7* 


+ 

4 

44 

444 



T 

44 

4444 

4444 

++++ 


-H- 

4444 

4444 

+ 44 + 

++++ 


X 

44 

-H- 




- 


- 

- 

++ 


4 - 
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-f-H* 



8 

444 

+++ 

-H-r 



9 

+ 


+ 

44 


10 

- 

4 


+ 

++ 

11 

- 

- 

- 

+ 

+ 


44 

■hhhh 

++++ 

4444 

4444 


pH 10.5 


DAYS INCUBATION 


3 

KB 

IBB 

4 

X 

44 

4 

4 

+ 

+ 

+ 

444 

4 

4444 

444 

... 

- 

- 

_ 

4 

44 

++ 

44 

444 

- 

- 

“ 

- 

- 

- 

- 

_ 

- 

4 

44 

4444 


G 


-H- 

++H- 


++ 

J-H- 


++++ 


I 

H- 

+++ 

+H+ 

-H+ 

4+ 

++f 


+44+ 


o - * - ' - — „ 1 0 0 

•Plates e-xamlned after twelve days showed no chanRC e.xeept as follows: at pH 
n nioricans was + + + +. PenlcilUum sp. No. 10 was + + +, and Penicillium sP- +. 
Ill I - at pH 10.5. J?. nipneans and Penicillium sp. No. 0 were ++, Penicillium No. 10 
and 'penicillium sp. No. 11 was + + +. 
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an appreciable extent while the dematophytcs are not so affected. Although the 
previous pure culture experiment (Table II) showed little difference in grovlh 
between streaked and poured plates, the latter experiment (Table III) does show 
the poui’ed phato to be superior in selecting patliogenic gronih from a mixture 
of dermatophytes witli Penicillium sp. No. 8. 

Using 34° C. as the temperature of ineubation, a series of Sabouraud’s 
maltose agar poured plates was prepared with the pH at 5.5 (unadjusted) and 
adjusted to pH 9.5, 10.0, and 10.5, The rc.siilts obtained (Table lU, Parts A and 
B) show the efficiency of tlic alkaline medium (pH 10.5) in restraining growth 
of saprophytic fungi. In eompanng the pH 5.5 with the pH 10.5 results, it is 
seen that the dermatophytes were inhibited the high pH although less on 
extended incubation (see also Pigs. 2 and 3). Nevertheless, the effect of the 
pH 10.5 medium upon the saprophytic fungi is more pronounced, li. nigricans 
and Penicillium sp. No. 9, No. 10, and No. 11 were completely inhibited for seven 
daj's, thus giving the pathogenic fungi ample time to produce visible giuwth. Six 
days are sutheienf for patliogenic growth ^o appear on the alkaline medium 
at 34° C. On the unadjusted medium tlic saprophytic fungi showed a fairly 
Tapid growth wliich would have overgromi any dermatophytes present. A. 
niger No. 7 was inhibited for tlireo days at pH 10.5, .showed poor growth on the 
fourth day and fair grou’th from then until the seventh day, while at the un- 
adjusted pH of 5.5 good growtli was obtained on two days’ incubation. Here 
again, a dermatophyte would have a chance to grow in the alkaline medium but 
not on the unadjusted medium. Penicillium .sp. No. S was inhibited in the 
alkaline medium, and altliougli many colonics appeared, the high pH kept them 
from spreading over the plate. Instead, the Ponicillinm colonies remained small 
and restricted, althougli an occ.asionaI colony would show spreading. There- 
fore, any dermatophytes in the presence of thi.s.sapi'ophytic fungus on an alkaline 
plate likewise would have a chance to appear, while on Sabouraud’s maltose agar 
of unadjusted pH the rapid, spreading growtli of Penicillium sp. No. 8 would 
greatly reduce any chance of growth by the dermatophytes. The remaining 
saprophji,ic fungus, A. niger No, 12, was iiiliibited by the 10.5 medium, for 
very good growth was obtained after two days’ incubation at 34° C. on pH 5.5, 
while it took five days of incubation to produce the same results with the alka- 
line medium. On this alkaline medium, A. niger No. 12 showed no growth after 
two days’ incubation and only fair growth after four days’ incubation at 34° C. 
The residts at pll 9.5 and 10.0 are similar to, but not as striking as, those ob- 
tained at pH 10.5. Thevefoi'C, it is seen that the use of the alkaline medium 
incubated at 34° C. will inhibit saprophytic fungi mucli more strongly' than the 
pathogenic fungi. 

It was noted, in the platings from numbers of shoes, that the predominant 
saprophytic fungi were Aspergillus and green Penicillium. Cultures of these 
two genera were combined individually Avitli 2\ gypseum and plates poured witli 
both unadjusted Sabouraud’s maltose agar and tlie alkaline medium, the pur- 
pose being to test the selective action of the alkaline medium with mixed cultures 
and to corroborate the results and conclusions of the previous experiment. The 
results are given in Table Y. Using T. gijpsenm mixed with A. niger No. 7, the 
Aspergillus grew rapidly and completely covered the plate of unadjusted 
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LEISR AND JAJIES 



Fi^. 3. 

Pies. 2 and 3. — A comparison oE Subourand’s dextrose near and tlie alkaline medium 
Inoculated with a pure culture o£ T. mcntagropliyivs and Incubated for three and for live and 
one-half days at 3‘1“C., respectively. 

Plates 1 were poured with Sabouraud's dextrose aear. while plates 2 were poured wltli 
the alkaline medium. 

Pie. 2. — Inoeulum of approximately 40. Incubation, three days. 

Pig. 3. — Inoculum of approximately 40.000. Incubuation. flve and onc-lialC days. 


Sabouraud’s agar, and after five days’ incubation no growtli of the dermatophyte 
was visible on the medium. The same inoculum plated with the alkaline medium 
showed many colonies of T. gypseum and only a few of Aspergillus. When 
Pcncilliuin sp. No. 8 was used as the saprophyte, no growth of T. gypseum ap- 
peared in either the alkaline or the unadjusted medium because of heavy growth 
by the Penicilliuni which covered the entire surface of the agar. It is interest- 
ing to note (Tables II and IV) that the different strains of Penicillium used 
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Table V 


The Selective Action' of the Alkaline MsBimi UroN JLixtures or T. Gypseum Plus A. 
Niger No. 7 and T. Gypseuw Plus Penicilliusi Sp. No. 8 (PlateP Poured) ■’ 

Incubation, Five Days at 34“ C. 


cultures 

s-^bodraud’s maltose ao.\r 
(pH 5,5) 

AI.K.VLINE medium 

T. gyp.<?eum alone 

A. niger No. 7 alone 

Penicillium Pp. No. 8 alone 

T. gj’pseum + A. niger No. 7 

T. gyp«eum + Penicillium .‘«p. 
No. 8 

Colonies small, wliite, and 
spreading 

Spreading black growth 

Numerous green colonies 

Plate black with A niger; no 
pathogens A-isible 

All green; no pathogens 

Colonies smaller, white, and 
fewer in number 

Colonies arc separate, yellow 
with few black spores 
Colonies green, smaller, and 
Ic.«s in number 

Few Aspergilli; pathogen col- 
onie.s present 

All green; no pathogen.s 


varied in tlicir reaction on the alkaline medium. Strain No. S, n.scd in the ex- 
periment just described (Table V), Ava.s tlie one whidi lind previously shown the 
best growth in this medium. Tate (sec under Historical) found that the 
dermatophytes have a trypsinlike enzjine, while a saprophytic fungus as A. 
niger docs not. As trypsin i.s effective in alkaline substrates, il may explain why 
the dermatophytes are able to grow comparatively well on pH 10.5 media, while 
the saprophytes are not. Also, the nature and extent of the enzyme systems 
may account for tlio variable reactions of the Pcnicillium strains used. On this 
basis, Penicillium sp. No. 8 may very well have a strong trj'psinlike enzyme sys- 
tem and may, tlicrcforc, approacli a pathogenic strain 

DISCUSSION 

The study of the growth of dermatophytes and sapropliytic fungi on 
Sabouraud’s maltose agar of increasing alkaline pH concentrations has sliown 
that the dermatophytes are capable of gi’owing on media initially adjusted up 
to pH 11.5, whereas the sapropliytes were largely inhiliitcd at values above pH 
9.0, The pH at which the best inhibition of saprophytes with tlic least com- 
parative inhibition of dormalopliytes occurred was at pll 10.5. It was found 
that poured plates were superior to streaked plates in inhibiting the saprophitic 
fungi and, therefore, in giving tlic best selection of dermatophytes. 

A temperature of 37° C., while more effective tlian 34° C. in eliminating 
or reducing sapropliytic growth, was found to be more inliil)itory to the dermato- 
phytes. Also, 34° C. is to bo preferred over a fluctuating room temperature. 

The experimental work also showed that an incubation period of flve and 
one-half days at 34° C., using poured plates of the alkaline medium (Sabouraud’s 
maltose agar of pH 10.5), gave the best results. If plates containing colonics 
of saprophytic fungi are incubated longer than five and one-half day.s, these 
fungi may overgrow tlie dcrmatophyles. However, plato.s Avlnch after five and 
one-half davs arc negative for pathogenic fungi, or on which there is no over- 
growth of po.ssible dcnnalophytic colonies, should be incubated for about ten 
davs. with the plates lieing observed daily. Colonies of mold growth that are 
thougiit to lie patliogenic .should be transferred to ordinary Snbourand’.s dextrose 
agar (or other suitable media) for purification and examination. 




TI-IEKAPEUTJC EFFECTIVENESS OF PENICILLIN IN TPEATMENT 
OF VINCENT'S STO:\rATnTS AND ITS FAIJA'KE TO INFLUENCE 
FAVORABLY CERTAIN OTHER .MEDICAL CONDITIONS 


COI.OXKI. JaMKS S. SWKKXKY, C.M’TAI.V WjIAJAM .1. ]\I()K(!1N.^0.\', 
Cai’taix RoGicit W. RoniNKON, anp Cai’Tai.v Ei-Jtin: ;M. Kh.i’atkick 
JIicniCAii Cout’s, A»my or tmi: U.vni:i) Statks 

T he Surgeon (I'eneral, U. S. Ai’niy, Iins eiieoiiiviged .some of tlie general hos- 
pitals to use penieillin in rarious inedieal diseases. Siieli an e.xploitalioa of 
tliis relatively new tlierapeutie agent has been undertaken obviously for llic 
purpose of establishing accurate limits demarcating its value. In this iios))ital, 
an attempt has been made, tbei’cfore, to treat a variety of diseases with the 
drug. While the c.xperience in genei-al confirms that of other clinical investi- 
gators, it would seem of value to record the good therajieutie results obtained 
in the treatment of Vincent’s .stomatitis and the failure of penieillin to influence 
favorably a number of other medical di.seases. 

Forty-three patients with ^Tneent ‘s stomatitis were treated with from 
600,000 to 1,000,000 units of iienieillin. The antibiotic was given intramus- 
cularly in do.ses of 26,000 units each three hours. The average total dose va.s 
721,000 units. All of tlie jiaticnts were cured. After forty-eight hours of 
therapy, it was usually imiiossible to find fusiform bacilli and sjiirochetes except 
in those in whom marked dental caries existed. In the.se patient.s, furthermore, 
the organisms disappeared rapidly after dental proiihylaxis. It is interesting 
that oral temperatures fretpicntly rose from a normal level to from 99.6 to 
above 101° F. during the time that penicillin was being administered. This 
phenomenon is unc.xplaincd and- was not jioted during the treatment of other 
diseases. 

Three patients with chronic and recurring fiirnncidosis were treated wth 
doses of from 630,000 to 1,476,000 units. There was evidence of ])rompt im- 
provement. Relapse, however, has since oecui'red in one patient. Penicillin, 
in our opinion, should be regarded only as a ])alliative or temporarily helpful 
agent in the treatment of recurring boils. It was injected for an average of 
eleven days. 

Eleven i^alicnts with acne vulgaris wore treated with doses of penicillin 
ranging from 2,750,000 to 3,650,000 units. AVhile an occasional ])atieut showed 
signs suggestive of improvement, none was cured nor markedly imi)rovcd. Ten 
patients with staphylococcic dermatitis wore treated with fi'om 2 to 3 million 
units. Again some showed evidence of imin-ovement but relapse was frequent; 
it is felt that penicillin has very little, if any, cui-ative value in this skin disease. 
Penicillin was injected for an average of eighteen days. 

In seven cases of asthma which were thoroughly studied and were thought 
to he bacterial in origin the patients were treated intensively with doses of 
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from 1 to 5 million units. Various strains of streptococci and staph.vloeocci 
were recovered from tlie paranasal sinuses of these patients. Initially there 
seemed to ho some evidence of improvement, hut it was not sustained. Peni- 
cillin was injected for an average of fourteen days. 

Five patients with malaria were treated with doses varying from 2 to 5 
million units of penicillin. AVliile there was some shifting of the ■white blood 
count and a disturbance in the periodicity of the paro-vysms, the therapeutic 
agent had no curative value. It should be added that these five patients have 
been treated subsequently with antimalarial agents in relatively small doses 
and have responded prompth-. They have had no recurrences after an ob- 
servation period of six months. It is conceivable that penicillin might possibly 
have caused them to be more responsive to antimalarial drugs. 

Five patients with rheumatic fever were treated with entirely negative 
results. The total dose used varied from 1,400,000 to 2,600,000 units. Two 
patients with subacute bacterial endocarditis, proved at autopsy, received 
5,600,000 units and 5,009,000 units during a period of twenty-eight and twenty- 
five days, rcspcetivel.v. Although the blood cultures became negative while 
penicillin was being administered, they became positive again when treatment 
was stopped. 

One patient with disseminated lupus received 6 million units over a long 
period of time. On two occasions it was given for two weeks bceaiiso of pneu- 
monic complications and for an additional two weeks for the basic condition, 
making a total of 6 million units during a period of sLx weeks. The patient 
manifested recurrent bouts of painful swollen joints, bilatcrial pleurisy, peri- 
carditis, two attacks of sti’optoeoecic pneumonia (alpha and beta hemolytic), 
three attacks of jaundice, transient skin manifestations characteristic of lupus 
ciythematosis, several bouts of unexplained diarrhea, a more or less continuous 
low-grade fever, weight loss, and anemia. At no time was there any evidence 
of cliliical improvement with penicillin. 

One or more patients with one of the following diseases failed to respond 
to the administration of penicillin : chronic pyelonephritis (given over 2 mil- 
lion units; aerobic and anaerobic nonhcmol.vtic streptococcus and nonhemolytic 
staphylococcus isolated from urine), diphtheria; mumps; eczema; folliculitis; 
dermatitis herpetiformis; acute myeloid leucemia; and follicular lymphoblastoma 
(Brill-Symmer’s disease). One patient with a peritonsillar abscess failed to 
improve -when given penicillin until the abscess was drained surgically. Several 
of the patients ti’cated with ijcnicillin also had trichophytosis; this latter lesion 
showed no improvement. 

As for reactions, there was noted in only tliree patients a mild to moderate 
urticaria 'which disappeared within a few daj*s during penicillin therapy. 

SVMM.VBV 

Forty-three patients with Vincent s stomatitis showed prompt recovery 
wl.en treated with penicillin. Tl.e failure of this chemotherapeutic agent to 
iufluenee favornblv a number of other medical diseases .s recorded. 
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E\^ALUATI0N OF TECHNIQUES USED IN THE DIAGNOSIS OF 
ENTEROZOIC PARASITISM IN CHIEHREN 
Captain Royal L. Brown 

I N THIS paper is described the comparative value of several techniques used in 
a survey designed to detcminc the incidence of entcrozoic parasitism in chil- 
dren.^ In the 512 children between the ages of 6 weeks and 12 years included 
in the survey, a total of 646 speci/ic parasites was found. The average incidence, 
therefore, was approximately 1 3 pai-asites per child. The frequency with which 
tlio different parasites were found witli the combined methods wa.s‘as follows; 
Entatnoelxi histolytica^ S.O per cent; Entamoeba cdli, 35.2 per cent; EtidoMmax 
nanay 30.5 per eent; Vientamoeha fmgilis, 3.9 per cent; lodavxocba buetscldii, 
1.4 pei* cent; Giardia Irtinhlm, 32.2 per cent; ChilomasUx mesniUy 5.1 per cent; 
Bciortamonas intestinnUs, 2.3 per cent; Trichomonas hominis, 1.4 per eent; 
Ascaris lumhricoidesy 0.6 per cent; Enterohins vcrmicidans. 4.1 per eent; 
Triclmris tWchuircf, 0.4 per cent; and Taenia sp.y 1.2 per cent. 


aiETnODS OF STUDV AND RRSFLTS 

Idenfitieation of the niacroscoiiic adult hclmintlis was possible with the 
unaided eye. For identification of all other para.sitic forms, it was necessary to 
prepare the fecal spocimous for microscopic examination. The techniques iiscd 
and the conti-ibution each made to the total number of parasites recognized 
arc as follows ; 

1. V^^et Saline Films prepared by placing n covorslip oyer a thin 

suspension of feces in Ringer's solution posse.ss tlic advantages of being simple 
to prepare and of causing no morphologie distortion. In these preparations, 
furthermore, it is possible to observe the diagno.slieally characteristic motility of 
trophozoites and hniTae. Tlieir cliiof dis.'idvantage lies in tlie fact that cytolo^c 
details are poorly outlined." Eighty per rent of all par.asitcs found were idei^i- 
fied with this technique alone (Table I) Amoebae, bowover, parhcnlarly Oi- 

enfamochu frupilis and /odaniocha h«cfsc/dff, were not ue r I eien in e . ^ 

2. Ifct loclinc-Staincd Et7m.— The substitution of Limol’s iodine in the 
preparation of wet films brm.gbt into stained relief certain distmspnshrag 
morphologic characteristic-s and jncliisioiis. Confusing plant foms, that is, 
bhastocystis and other yeast, hair roots, .md plant ccBs, were easily identified. 
Starch grains and particles (blue) and glycogen (puik) .stained with iodine. 
The iodine, however, rapidly stopped locomotion and I.a.led to give complete 
oytotogic detail. Ahout 35 per cent of the paiMsUcs which had not been identified 
in the saline film were differentiated in thc-se preparations, and enough ad- 
ditional parasites were recognir.ed to increase the total .snrvey niciclenee by about 
2 per cent. 

, , .. .,,, 11.1 <laik-n.-IJ iamiiin.nron oiillinc. fntiio ,.r lli. cylolosic 

•DiaphiMgni nitinipulaUon cr jrattial tai 
rtetnils. 
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Table I 


CoMPARATnrE Identification and Incidence 


PARASITE SPECIES 

TOTAL 

SPE- 

CIES 

RINGER’S 

SALINE 

LTJGOL’S 

IODINE 

IRON-ALUiT- 

HEStATOX- 

YLIN 

CONCENTRATTON 

DE RIVAS 

ZnSOj 

NO. 

% 

NO. 

% 

NO. 

% 

NO. 

% 

NO. 

% 

Entamoeba Jiistolytica 

41 

30 

70 

35 

85. 

41 

100 

lo 

37 

5 

100 

Entamoeba coli 

180 

138 

77 

128 

71 

180 

100 

180 

100 

35 

100 

Endolimax nana 

156 

140 

90 

151 

96 

155 

99 

53 

34 

27 

85 

Dientamoeba fragilis 

20 

2 

10 

6 

30 

20 

100 

0 

00 

2 

33 

lodamoeba buetscUii 

7 

0 

00 

6 

86 

7 

100 

■ 0 

00 

o 

O 

75 

Giardia lamblia 

165 

142 

86 

129 

78 

105 

100 

165 

100 

43 

100 

Chilomastix mesnili 

26 

24 

92 

16 

62 

25 

96 

2 

8 

3 

75 

Eetortomonas intestinalis 

12 

12 

100 

4 

33 

12 

100 

0 

00 

0 

00 

Trichomonas hominis 

7 

6 

86 

3 

43 

7 

100 

0 

00 

0 

00 

Ascaris lumbricoides 

n 

O 

2 

67 

2 

67 

•2 

67 

3 

100 

3 

100 

Enterobius vermicularis 

21 

21 

100 

12 

57 

5 

24 

0 

00 

2 

33 

Trichuris trichiuria 

2 

1 

50 

1 

50 

1 

50 

2 

100 

2 

100 

Taenis sp. 

6 

6 

100 

3 

50 

2 

33 

2 

33 

2 

33 

Total 

646 

524 

80 

496 

76 

622 

96 

422 

65 

127 

93 


The column head No. refers to the number of parasites definitely identified by this pro- 
cedure ; this is represented under the column head % as per cent of total. 

The iron-alum-hematoxylin slide tvas used to verify the identification of other films. The 
less Ulan 4 per cent not identified by this slide -were definitely identified on other films but could 
not be found on the iron-alum-hematoxylin-stained slide (concentrate or film). The actual inci- 
dence on the iron-alum-hematoxlyn ivithout concentrate material was between 70 and 75 per 
cent. Nine of the twenty-one Enterobius diagnoses were made by recoverj- of the adult worms 
from the stool. 

3. Dry-Stained Slide. — Because of the importance of nuclear cytology in 
identifying species of amoebae, a routine iron-alum-hematoxylin-slained slide 
was made on every stool and studied for at least fifteen minutes. The slide was 
prepared according to the method of AVenrich.- 

Examination of the stained film made it possible to identify 96 per cent of 
all observed parasites and to distinguish other morphologically similar organisms 
and objects. It also served as a semipermanent exhibit of the organism and 
presented the material for future comparison and study. On the other hand, 
it increased the total surveyed incidence by only 1 to 2 per cent. 

4. Concentrated Preparations. — ^The de Rivas centrifugation method^ was 
used routinely. Concentration bj'- the zinc sulfate centrifugal flotation method 
was frequently done for comparative study. 

The de Rivas centrifugation method concenti-ated the cysts of Entamoeha 
coli and Giardia lamhlia and the ova of Ascoris lumhrieoides and Tricliuris 
fricliiura very well, but there was some morphologic distortion. Tlie other para- 
sitic forms were concentrated jioorly or not at all. Blastoej^stis and detritus 
were advantageously removed. The zinc sulfate centrifugal flotation was much 
less selective and concentrated all surveyed parasites about equally well.* The 
combined concentration methods added 11 per cent to the total number of para- 
sites found in the surve}^ 

DISCUSSION 

The combined concentration methods permitted the finding and recognizing 
of the greatest number of parasites; the Ringer’s saline wet film v.ms next in tins 
respect. The addition of Lugol’s iodine to wet films lolled the trophozoites but 
increased the number of cysts which could be identified. Preparations stained 
with iron-alum-hematoxjdin were valuable chiefly because they provided 
morphologic details which aided the identification. Tlie number of organisms 
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reeogaked on these &}ms was higJi (Table I) because coneenfpafed ma- 

terial was stained to help the identification of C 3 'sts. 

The large species of Entamoeba could often be identified in the 

simple wet films. The mixed amoebic infections and the smaller species of 
amoeba, however, frequently required iron-alum-hematoxylin stains for dif- 
ferentiation. A large per cent of Entamoeba coli could be identified on any of 
the films; iron-alum-hcmatoxylin w'as ncccssaiy in some at 3 T)ical forms and 
mixed infections. Enclolimax 7iana gave little diagnostic difficulty in the wet 
films except when there was mixed amoebic infection. This was also true of 
Eicntamocha fragilis and lodainoeha httetscklii. Giardia and Chilomastix ■were 
easilj' identified in any of the films. Trichomonas hominis was infrequently con- 
fused with the trophozoites of Chilomastix. All ova found U’ere easily identified 
in all films. 

SUftLMARr 

1. Eighty per cent of all survej'ed parasites were identified by a wet saline 
film; 35 per cent of the remainder were specifically diagnosed by the wet iodine- 
stained film. The iron-alum-licmatoxylin-stained slide is an invaluable adjunct 
to differential diagnosis of eiiterozoic protozoa. 

2. Routine concentration contributed 11 per cent to the total surveyed 
incidence. 
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THE LOW TOXICITY IN ANIMALS OP BORIC ACID AS A 
PRESERVATIVE AGENT 


Douglas V. Frost, Ph.D., and Richard K. Richards, M.D. 

North Chicago, III. 

P RIOR to 1906 in the United States and to 1928 in England, boric acid was 
used as a food preservative at levels as high as 0.5 per cent. Wiley, ^ in his 
classic studies in 1904, showed that symptoms of chronic toxicity appeared in 
human beings when amounts of from 1 to 5 Gm. of boric acid daily were ingested 
with food. One-half gram daily, however, was tolerated according to AViley 
for fifty days with little or no evidence of ill effect. He concluded, “On the 
whole, the results show tliat 0.5 Gm. of boric acid per day is too much for the 
normal man to receive regnlai'ljL On the other hand, it is evident that the noi’- 
mal man can receive this amount for a limited period of time -without much 
danger of impairment of health.’’ 

Despite its checkered career as a food preservative, boric acid has continued 
in general use as a mild antiseptic. Some knowledge of its acute toxicity has 
appeared in the literature due to its accidental misuse. In 1928 SIcNally and 
Rust“ reported deaths in six infants who ivere given liy mistake saturated solu- 
tions containing from 3 to 6 Gm. boric acid. Peyton and Green,® in 1941, re- 
ported severe toxic effects but survival in a patient who received 700 c.c. of a 
4 per cent solution of lioric acid by hj'podermoclysis. These authors suggest that 
the toxicity of boric acid in such large doses may be due to a displacement of 
chloride with a resulting upset of the chloride balance. A fall in blood chlorides 
during injection of boric acid was offered in sipiport of this theory. Absence of 
aftereffects anywhere in the patient after receiving an almost fatal dose of boric 
acid Avas taken as evidence that the primary toxicity of the drug is functional. 
In 1943 Ross and Conivay^ reported death of a hospitalized bo}' folloAving irriga- 
tion of an empyema cavity Avith saturated boric acid solution. The amount of 
boric acid used Avas heroic by any standards, about 12 liters in seventy-tAVO hours, 
a total of about a pound of boric acid. 

In early studies Rost® and AA’'iley® shoAvcd that doses of 3 Gm. of boric acid 
and upAA'ard Avere rapidlj’ excreted in the urine to the extent of from 82 to 100 
Xier cent. Excretion in feces and sAA'eat A\'as found to be small and quantitatively 
unimportant. Presnell and Brill," in 1937, further demonstrated the rapid 
urinaiy excretion of boric acid. 

Kent and McCancc® called attention to the significant amount of boron 
AA’hich is an inevitable component of our daily diets. Boron is essential to the 
nonnal groAvth and development of several plant species and is noAV accepted 
as a constituent of all vegetable tissues. Hoa-c and co-AAmi-kei-s® found boron in 
all samples of milk and eggs tested, and Dodd’” found about 0.005 per cent boric 
acid in scA'eral fresh fruits, AA'ith a maximum of 0.109 per cent on a dry basis. 

Received for publication, Oct. 19, 1944. 

From the Departments of Nutrition and Pharmacology, Abbott Laboratories. 
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In balance studies, Kent and jMcCancc** showed tliat a normal turnover from 
food sources was about 100 in^. of boron per week in two individuals, equal to 
about 80 mg. of boric acid per day. Added boric acid was quantitatively ex- 
creted in a few days. 

Ivahlenberg^^ and Kalilcnberg and Banve.sser'- discovered the truly remark- 
able fact that boric acid is readily absorbed through intact human skin and may 
be detected in the urine within fift 3 ’-five seconds after immersion of the feet 
in saturated boric acid solutions. Ochsner** had previousl.v shown that mere ap- 
plication to the skin of large compresses saturated with boric acid solution re- 
sulted in concentrations of boric acid in the urine of a few hundredths to as 
much as 0.1 per cent. All tis.suc membranes tested were readily permeable to 
boric acid, and this would account for its vapid excretion througli the kidne.v. 

We became interested in the toxicity of boric acid wlien Frost’^ found that 
riboflavin-boron complexes are considerably more solnble in water than is ribo- 
flavin alone. This led further to an investigation of the jireservative properties 
of various levels of horic acid for injeelable .solutions containing riboflavin alone 
and in combination with other B complex factors. AVlicn it was found that such 
solutions were well pvcvscrvod and well tolerated, tim use of boric acid as a 
preservative at 0.5 per cent was extended to other experimental solutions used 
roiitinelj’ in animal work in small amounts. Bojic acid, unlike other preserva- 
tive agents, such as the jilienols, ehlorobutanol. and benzyl alcohol, docs not ap- 
pear to enter into the metabolism of the animal and is excreted quaiititativelj' 
as such. From this standi)oint and because boron is a natural constituent of the 
diet, it would aptiear to deserve reconsideration as a preservative agent. 

The following experiments are i>rcseiited as evidence for the essential 
nontoxicity of low levels of boric acid The preservative properties of boric 
acid were also investigated. 

Infection FjXpcrimentii M’ith Dogs and /?«/.•!.— bong-term nutritional experi- 
ments with rats and dogs which received throe weekly injections of a B complex 
preparation containing 0.5 per cent boric acid as a preservative were carried out 
as follows : 

Five puppies .started at fi'om G to S weeks of age on a Iiiglily synthetic diet 
were supplied five B complex vitamins exclusively by injection. Tlie injectable 
B complex preparation contained the following per cubic centimeter: thiamine, 

1 mg.; riboflavin, 1 mg.; nicotinamide, 35 mg ; calcium pantothenate, 2 mg.; 
pyridoxine, 0.6 lUg. ; and boric acid, 5 mg. Injections were made thrice weekly 
at the rate of 0.23 c.c. per kilogram body weight equal to 1.15 mg. boric acid. 
Thus a 10 kg. dog received 11.5 mg boric acid per injection equal to 0.5 mg. boric 
acid per kilogram body weight per day. Two puppies, wliicli were both litter- 
mates of dog^ receiving tlie B complex preparation with Imrie acid by injection, 
received an identical diet with all syiitliclic B complex factoi-s added to tlie diet. 
Since lhc.se two dogs did not receive boric acid at any time, tliey served as con- ’ 
tinls. 

Excellent loleiiiiiec of continued intramuscular injection of tlio aliove prep- 
aration over periods of from twelve to eighteen months was observed. No irrita- 
tion or itehiii" was observed to oeenr at the point of injection as is often seen 
wlien phenol is used as flic preservative. The upper le- muscles o£ the two hind 
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legs of the dogs were injected alternately with no attempt to prepaid or clean 
the point of injection. The dogs veiy soon came to take the injections as a 
matter of course and even welcomed the attention. There was no outward 
difference in the growth performance or general behavior between the injected 
dogs receiving boric acid and those Avhieh received their nutritional requirements 
entirely by mouth with no boric acid. 

Similar experiments extending through two generations were carried out 
■with rats on purified diets. Fourteen rats, seven males and seven females, were 
placed at Meaning on a standard purified diet based on sucrose, casein, and salt 
mixture. These rats received by injection five synthetic B complex vitamins in 
the form of a preparation as described for the dog experiments. Injections 
were made at the rate of 0.07 c.c. per rat three times per week. This entailed an 
average weeklj’- injection per rat of 1.05 mg. boric acid, equal to 0.15 mg. per 
day. Since the weight of the rats increased from an average of about 45 Gm. at 
the start of the experiment to about 217 Gm. after about fifty days, the per 
kilogram injection of boric ranged downward from about 3.3 to 0.7 mg. per kilo- 
gram body weight per day. 

A control group of twenty-eight rats was fed an identical diet simultaneously 
but received all B complex vitamins orally as additions to the diet. Rats of both 
groups were maintained on the respective dietary regimens described through 
two generations. Matings were made when the rats were 75 days of age. The 
rate of growth, reproductive performance, average number of offspring in 
litters, and survival of young were about equal for the two groups as shown in 
Table I. 


Table I 

Gro-(vth and Eepropuctive Performance op Bats on Highta' Purified Diet Eeceivino 
Boric Acid bv Injection (From 0.7 to 3.3 mg. Per Kilogram) 


GKNEKATION’' 

DUMBER 

OF 

ANIMALS 

AV- "WT. NUMBER 

7oTn OF 

DAY LITTERS 

AV. num- 
ber IN 
LITTERS 

% YOUNG 
SURVIVED 
TO 21st 
DAY 

AV. ■VVT. 

21st day 

Parent 

Group Heceived Boric Acid 'by Injection 

9 $ 

28 (15 9) 187 292 13 7 

04 

37 

32 

First 

31 (23 9) 

170 200 13 

s 

21 

Parent 

14 ( 79) 

Control Group 

175 264 7 

7 

57 

31 

First 

12 ( 89) 

189 275 0 

9 

39 

2S 


The differences in per cent survival of tlic young born to parent and first 
females in the two g^roups are not considered significant. The same applies to the differenceb 
of the average weight at tlie lwcnty*first day. 


Suhacuie Toxicity Studies . — The object of the following experiments was 
to study the effects in rats and dogs of injection of large amounts of a solution 
containing 1.5 per cent boric acid. The solution also contained 0.1 per cent 
riboflavin. 

Experiments in Eats: Two groups of six weanling male rats (average 
■weights, 49 Gm.) were injected subcutaneously daily with 2 c.c. of the solution 
mentioned in the preceding paragraph and 2 c.c. of physiologic saline, respec- 
tivelv. The injections were continued for tliirty days and vmights v’cre taken 
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at weekly intervals. The average weight increments of the groups w'ere 106 
Gm. and lOS Gm., respectively. Tlie rate of injection of boric acid thus decreased 
from about 600 mg. per kilogram body weight at the start to about 180 mg. per 
kilogram at the end. 

At the end of the period, urine tests showed the absence of sugar and a trace 
of albumin for the experimental animals. Blood studies made at the end of the 
period on tlirce test rats and two control rats revealed no significant differences 
in hemoglobin, erylhroeyte, or differential white blood cell counts. 

Autopsies on the test rats showed no gross pathology and no irritation at 
the sites of injection. Hearts, adrenals, and testicles were normal. The liver 
showed a moderate degree of cloudy swelling and some fatty infiltration but no 
necrosis. - The kidneys were not different in appearance from the kidneys of 
untreated controls. No necrosis or glomerular changes were noted. 

B. Experimenfs With Dogs: Three adult dogs were injected daily in- 
travcnouslv with 20 c.c. of the test solution. Tlie dogs weighed 6, 6, and 8 kg., 
respectivelV, and thus received 50, 50, and 38 mg. of boric acid per kilogram body 
weight, equivalent to an intake of from 2.7 to 3.5 Gm. of boric acid in terms of a 
70 kg. man. Injections were continued daily for thirty days, during nlneh 
time the weights of the dogs did not change significantly. 

If the injections were made rapidly, the dogs became unsteady; however, 
they always recovered coiniilotely within a few moments and otherwise showed a 
normal behavior throughout the experimental period. With repetition of in- 


jeetions, the equilibrium disturbances disappeared 

Blood values for each dog wore iletermined at the beginning, during, and 
at the end ofi the experiment .so that the animals acted as their own eontrols. 
No significant changes in hemoglobin, erythrocyte, or differential counts were 


observed during the course of tlio experiment 

Two of the dogs were killed one day after the la.st injection. The urine of 
both dogs showed an alkaline reaction and was negative for sugar, albumin, and 
urobilinogen. There was no gross pathology. Histologic examination indicated 
a noraial condition of the adrenals, spleens, hearts, intestines, and lungs The 
liver showed a moderate degree of cloudy swelling. Fat stains were neptne in 
both animals. The kidney of one dog showed some amorphous exudate in the 
glomerular space and in the tubules. There were some old degenerative changes 
in a few glomeruli. The picture was altogether not eomsidored as presen mg a 
severe degree of renal damap. The kidney of the second dog .showed only a mild 

hyperemia and cloudy swelling. , , , c » 

Effects on Blood Pressure.— T ko injections of 10 e c. each of a 1.5 per cent 
boric acid solution were made intravenously into a el.ieken under 
anesthesia. Following each injection, there was a graduiil ri.se of the b ood 
pressure of about 20 mm. Hg, lasting for about three minutes. In.ieetion of an 
equal volume of saline failed to cause a rise. . , , . , . 

Injection of 20 e.e. of the solution in an anestheticed dog of 11 kg. weight, 
given within three minutes, had no significant effect on the blood pressure. 

Effect on Esirns Cyclf.-The estnis cycles of si.x female rats were followed 
for two weeks; then the rats were injected sube.itaneonsly daily at the rate of 
12 mg. of boric acid per day for twenty-one days. 
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Two rats showed a slightlj^ prolonged period of diestrus at first during the 
injections, but tlie normal cycles reappeared. The other rats showed no varia- 
tion from the normal during the injections. 

Puhlman,*'^ in 1939, reported that 0.5 per cent boric acid in the diet inhibited 
the estrus cycles of rats and that 1.0 Gm. per kilogram subcutaneously daily 
caused a picture of incomplete permanent estrus. Such doses are, of course, 
excessively high and are well above the range which AViley' had previously re- 
ported to produce acute toxic symptoihs in human beings. Our results show, 
on the other hand, that daih^ doses as high as from 60 to 70 mg. boric acid per 
kilogram body weight in rats does not alter normal estrus when given for tiventy- 
one days. 

Effect of Low Chloride Diets on Toxicity of Boric Acid . — The interesting 
suggestion made by Peyton and Green^ that displacement of chloride might play 
a role in the toxicity of boric acid was investigated as follows ; 

Three groups of eight adult rats (from 170 to 220 Gm.) u'cre formed. The 
rats in Group I ivere kept on Purina dog chow, those in Group II on a purified 
diet eohtaining At^esson salt mixture, and those in Group III on a similar purified 
diet in which the chlorides of the AA^esson salt mixture were replaced by sodium 
and potassium carbonates. All the rats were placed on the diets for one week 
prior to dailj" intraperitoneal injections of 4 c.c. of 4 per cent boric acid solu- 
tion. 

In the case of the rats in Group I, no deaths occurred during the three iveeks 
of the experiment and no consistent changes in weights of the animals were 
noted. 

The animals in Group II all soon became listless and died in from five to 
seven days. In Group III death of the animals occuiTed in from nine to sixteen 
days. Thus absence of chlorides did not increase susceptibilit 3 ’' of rats to the 
toxic effects of boric acid. Blood cWoride determinations were made on repre- 
sentative animals in Groups II and III. No lowering of blood chlorides was 
noted during the period of the experiment. 

The excellent tolerance to boric acid of adult rats maintained on a normal 
stock diet was not explained but is conceivably due to the greater nutritive value 
of this type of ration over the purified diet. AA^hether the difference is a qualita- 
tive or quantitative one was not detennined. 

Preservative Properties of Boric Acid for Injectable Solutions . — The bac- 
teriostatic effectiveness of boric acid was studied at levels of 0.15, 0.3, 0.5 and 
1.5 per cent in solutions containing various B complex vitamins. Such solu- 
tions Avere shown to support growth readily in the absence of a preservative. 
Standard inocula (about 5,000 per cubic centimeter) of Staphylococcus aureus, 
Escherichia coli, and mixed mold spores Avere made in all eases. The samples 
Avere kept at room temperature. Colony counts Avere made from standard 
platings at regular inteiwals. 

LcAmls of 0.3 and 0.5 per cent boiac acid Avere efl’eetiA’e in causing disap- 
pearance of inocula from B complex injectable solutions made to pH 4.5 and 5. 
Disappearance of bacteria Avas complete in tAA’o days; of mold, in tAventy-eigbt 

days. 
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In the case of a solution containing 1.5 per cent boric acid and 0.1 per cent 
riboflavin buffered at pH 6.5, complete disappearance of viable bacteria required 
six days; of mold spores, thirty-five days. A comparison was made in this ex- 
periment against a riboflavin solution containing 0.5 per cent chlorobutanol as 
preservative. Although the chlorobutanol caused rapid disappearance of both 
bacterial strains, presence of mold spores was detected to tlie thirteenth day. A 
similar solution containing 0.15 per cent boric acid showed gradual but complete 
loss of bacterial inocula and considerable diminution of mold spores. 


DISCUSSION 

On the basis of its known toxicity, boric acid compares favorably with such 
commonly used preservatives for injectable solutions as phenol, the cresols, 
chlorobutanol, and benzyl alcohol. Furthermore, boric acid possesses the follow- 
ing advantages: low cost, high purity of U.S.P. crystals, lack of color or odor, 
chemical stability and inertness, and ease of solution. On the physiologic side 
it has the important advantages of being nonirritating to tissues and of being 
excreted rapidly in unchanged form. 

The fact that boron is a normal food constituent and is an essential growth 
element for many plant species argues against its cumulative toxicity at very 
low levels of intake. The maximum tolerance level named by Wiley' of 0.5 Gm. 
per day for luiman beings is only six times Ibc level reported by Kent and 
McCance® to represent a normal daily turnover from food sources. It seems 
likely that boric acid exerts toxic effects only when the renal threshold is ex- 
ceeded and accumulation oceiu*s in the tissues. In all reports of acute toxicity 
in human beings, relatively massive doses of boric acid have been involved and 
there is a notable lack of reported ca.ses of chronic toxicity. Thus the chi-onie 
cumulative type of toxicity caused by continued ingestion of minute amounts of 
compounds of lead, mercury, selenium, and fluorine, for example, is apparently 
not shared by compounds of boron, even though boric has a cumulative action in 
larger doses, that is, 0.5 Gm. daily. 

The easy availability and very widespread use of boric acid by both meml^rs 
of the medical profession and laymen has led to its occasional fatal misuse. E.x- 
treme rapidity of assimilation tlirough all membranes of the body, a fact which 
in many cases appears to have escaped attention, lias also le to its misuse. 


SUMMARY 

Boric acid at from 0.5 to 1.5 per cent in injectable solutions showed no toxic 
effects in rats and dogs when injected over long periods. Levels averaging about 
400 mg. per kilogram body weight per day for tlnviy days did not affect the 
■ blood picture or deter the growth of rats. Levels of from 60 to lO mg, per kilo- 
gram appeared to have no effect on the estrus cycle. 

Varying the level of chlorides in the diet did "ol appear to influence the 
toxicity of injected boric acid; however, it appears likely tliat other nutritional 
factors play a part in tolerance for this drug. 

Tlie bacteriostatic effect of boric acid, from 0.5 to 1.5 per cent, against- 
lected bacteria and molds appeared satisfactory for preservation of oorta. 
jectable solutions. 



144 


FROST AXD RICHARDS 


The bacteriologic work and the long-term nutritional experiments were carried out by 
Dr. H. W. Cromwell and F. Peirce Dann, to whom we are indebted. 
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RELATIONSHIPS OP CHEMICAL CONSTITUTION TO THE 
ANTIBACTERIAL EPP'ECTS OP DERIVATIVES OP 
g-AMINOACRIDINE 

G. R. Goetciiius, M.S., and C. A. Lawkencp:, Ph.D. 

Rensselaer, N. Y. 

antibacterial effects of varioiis acridine compounds, in vitro, liave been 
A presented in two previous reports from these laboratories^’ " Of significant 
interest were tlie comparatively low concentrations of 9*aininoacridine required 
to exhibit bacteriostatic and bactericidal piopertics against a ^'aI•iefy of or- 
ganisms commonly associated with wound infections. A 3-chloro-7-methoxy 
"derivative of 9-aminoacridine proved to have even greater antibacterial effects 
than the parent compound, particularly against members of the anaerobic 
elostridiunr group. It seemed desirable, therefore, to study additional deriva- 
tives of 9-aminoacridinc and especially those containing tlie 3*cliIoro-7-methoxy 
groups. The compounds tested, together with their molecular weights, are as 
follows ; 

1. 3-metIiyl*7-n»ctlioxy-9-(i-mcthyl-4*<liPtliylainuio>butylnininoacri(line ililiydrochloritle 
(molecular weight, 452.5) 

2. 3*chlOTO-7*mcthosy-9*(2-phen3*l*4-(limcthj)atninob«tylamino)acTjdine dihydrochloride 
(molecular w-eiglit, 500,5) 

3. 3-chloro-7*methoxy-9-(2-phcnyl-4-diethyIaminobutylamiiio) acridine dihydrochlorido 
(molecular weight, 534.5) 

4. 3-chloro-7-methoxy-fl-(l-nicthyb4 dietliylamlno)lmtylaminoacridine tartnate (molecular 
weight, 549)* 

5. 3-chlora*7-Tncthoxy'9'(l-mctliyl-4-dietli>lamino)buty]umiiioacridinG formate (molecular 
weight, 491)* 

6. 3'cJiloro-7-mot}ioxy-9-(l-mcthy)-4-diptI)yJannno)biily)aminoacridine citrate (molecular 
weight, 591)* 

7. 3-ch]oro-7-methoxy-9-(l-nietliyl-4 dictliylamtno)butylaminoacridine acetylsalicylate 
(molecular weight, 759) * 

8. 3-chloro-7-mothoX5--9-[(l-methyl-4-plicnylpiperidyl'4-)metliyl]nmino acridiue dihydro- 

chloride (molecular weight, 536.5) 

9. 3-chIoro-7-methoxy-9-(4-(nmethyIamino)pIienyInminoAacridiHC dihydrocJiloiido (mo- 
lecular weight, 451) 

10. 3-chloro-7-methoxy-9'[(l-benzyl-4-phcnylpiperidyl-4)mcthyl]amino acridine diln'dro- 
chloride (molecular weight, 594.5) 

11. 3-chloro-7'mcthox3'-9-(G'-mctlioxy-8''quinolylamino)acridinc dihydrocliloride (molec- 
ular weight, 489) 

12. 3-chloro-7-metlioxv'-9-(3-pyridylnmino)acridi«e dihydrocliloride (molecular weight,- 
409) 

METHODS 

The methods which -were used in the two previous reports were followed in 
this investigation. This consisted essentially of preparing a series of dilutions 

•Salts of Quinacrine, U. S. P. . ^ 

From the Research Laboratories, 'Wlrithrop Chemical Co., Inc 

Ttccelved for publication, Dec. 13, 1944. 
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of each compound in an appropriate broth medium. After autoclaving the 
drug-broth solution, each dilution series together with a drug-free control, was 
inoculated with a loopful of a twenty-four-hour broth culture of one of the test 
organisms. The test organisms included types I, II, and III pneumococci, beta 
hemolytic streptococcus No. C-203, Streptococcus viridans, Streptococcus agdlac- 
tiae, Staphylococcus aiircus No. 209, Bacillus pyocyaneus, Clostaudium welchii, 
Clostridium tetani, Closh'idiuni liistolyticus, and Clostridium oedematiens. 

The inoculated tubes were incubated at 37° C. and examined for visible 
growth after twenty-four, forty-eight, and seventy-two hours. Failure of growth ' 
to appear in fwenty-four hours was considered to be evidence of bacteriostasis. 
Tubes which failed to show growth after seventy-two hours w'ere tested for the 
presence of living organisms bj-^ transferring three loopfuls to fresh medium 
lacking the drug. Lack of growth in the subculture tube was assumed to be evi- 
dence of a bactericidal effect on the part of the drug in the original drug-broth 
mixture. The results of these studies are given in Tables I and II. 

RESULTS AND DISCUSSION 

From data presented in Tables I and II, we note that compounds 1 through 
8 are active against most of the bacteria tested. Compounds 9 through 12, how- 
ever, are essentially devoid of any antibacterial activity. The acetylsalicylate, 
citrate, tartrate, and formate salts of quinacrine (compounds 4 through 7) dis- 
played an antibacterial activity comparable to quinacrine itself. From the re- 
sults obtained with compounds 9, 11, and 12, it ivould appear that substitution 
in the 9- position ivith an aromatic amine tends to decrease the activity of the 
compound markedty. By comparing compounds 8 and 10, we note that antibac- 
terial effects are markedly increased bj’" replacing the N-benzyl group (compound 
10) with a methjd group (compound 8). 

CONCLUSION 

The activity of 3-chloro-7-methoxy-9-aminoacridine on bacteria is not in- 
creased by replacement of the amino group bj' certain N-containing alliyl or 
aiyl amines. This conclusion is based upon in vitro studies of twelve such 
derivatives tested against various organisms 'whieh may be associated with wound 
infections. 

The authors wish to express appreciation to Dr. C. K. Kwartler and Mr. P. Lucas for 
the preparation of some of the compounds. Tlie methods of preparing the compounds will 
be presented elsewhere. Acknowledgment is also given to Virginia L. Wilson for technical 
assistance in the hacteriologic study. 
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LABORATORY METHODS 


A FRACTIONAL SUPPLEMENTARY TEST FOR UISTINOUISHING 
POSITIVE KAHN REACTIONS IN SYPHILIS AND IMALARIA 

F/rst Lieutenant Aktiiuk A. Rosendero 
Sanitary Corpk, United States Army 

F alse reactions in serologic tests for sypliilis resulting from malaria have 
been recognized by many' ivorkcrs. 'With troops returning to civilian life 
from malarious districts, the problem becomes more acute not only because of the 
stigma attached to the “imsitive” serologic report, but also for diagnostic rea- 
sons. The expected number of false positive reactions obtained with the 
standard Kahn test on malarial individuals is as higli as 47.5 per cent at some 
stages of the disease.' 

■ The fact that several diseases arc known to be responsible for false reactions 
has brought about investigation of the so-called confirmator.v tc.st.s, the purpose 
of which is to verify the fact that syphilis alone is re.sponsiblc for the positive 
reaction. Kahn'"* has published details of three such techniques, the basis of 
the tests being, respectively, (1) difterential temperature, (2) differential elec- 
trolyte concentration, and (3) salt dispersibility. Ciiargin and ReiiP commented 
favorably on the first method as a result of their studies. Discrepancies were 
observed in some blood specimens subjected to repeated ‘‘verification tests.” 
De Groat,'' after submitting malai-ial bloods to Kahn’s laboratory for the differ- 
ential temperature verification test, believes the test valuable in thi,s disease. No 
discussions of the other two methods have been found to date. Rytz' also has pub- 
lished a differential method w'hieli removes from scrum all but traces of protein 
by the use of a weak copper sulfate solution. Upon the deproteinized substance 
is performed the Rytz flocculation tc.st. No data concerning malaria were pre- 
.sented. 

I' observed that with scrums of malarial individuals a eonstaut pattern of 
reactivity is found when several standard serologic tests arc performed. The 
fact that the Eagle flocculation test and the Hinton test ore msually negative 
when the Kahn test is cither doubtful or positive suggested that there existed an 
actual difference in the character of the immunologic substances causing floccu- 
lation in syphilis as contrasted with those in malaria. Since the standard Kahn 
test is used so extensively, and also because it exhibits a high incidence of false 
positives in malaria, it was made the basis of a new coufiimatory pioccdurc. The 
scrum rather than the other factois was modified. 

The possibility was considered that the flocculating substance induced by the 
malaria and the syphilitic “reagin” might be associated rvith different serum 
protein fractions. Therefore precipitation of malarial and syphilitic sera, both 
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of which gave positive Kahn reactions, w’as carried ont employing various quanti- 
ties of saturated ammonium sulfate. The several fractions thus obtained were 
each tested by the Kahn standard test. It was found that syphilitic reagin was 
attached to the first fraction brought down, whereas the malarial antibody was 
not so fixed. In other fractions, however, both antibodies were present in varying 
quantity. Upon this point then is based the follouing supplementaiy test wliicli 
differentiates between a true sjqihilitie blood and a blood with a positive reaction 
induced by malaria. This procedure is advantageous in that it can easily be 
peiTormed in laboratories equipped to do the standard Kahn test. 

METHOD 

A saturated solution of ammonium sulfate as used in the Kahn test on 
.spinal fluids is required. No other special apparatus or solutions are essential. 

The standard Kahn test is first performed on all sera to determine the 
degree of positivity. Only specimens free of hemolysis should be employed. 

To 1 c.e. of inactivated serum in a Ivalm tube at room tempei’ature is added 
exactlj' 0.35 c.c. saturated ammonium sulfate solution. It is necessaiy to dry the 
outside of the pipette used to measure the saturated solution prior to its addition 
in order to insure that no excess is added. A 1 c.c. serolo.gic pipette graduated 
in hundreths is used for this purpose. No crystalline ammonium sulfate should 
be pipetted \ver. The tube is tapped to mix the substances thoroughly and 
allowed to stand for, and not more than, two minutes, after which the tube is 
centrifi\ged at from 1,000 to 2,000 r.p.m. for three minutes (keeping switcli 
in the “on” position for three minutes). Failure to comply .strictly with the 
quantity and the time stated will i-esult in the precipitation of serum fractions 
which udll yield false positive results. 

Following the centrifugation the tube is inverted to discard the supernatant 
fluid and while still in the inverted position is allowed to drain on filter paper 
for one minute. The precipitate rvill adhere to the bottom of the tube. 

Physiologic saline (0.9 per cent) is then added to the precipitate, the 
quantity depending on the original Kahn test reading as follows : 

If the reading was doubtful (± or 1+), add 0.7 c.c. saline. 

If the reading was positive (2^ or 3+), add 0.9 c.c. .saline. 

If the reading was positive (4+), add 1.2 c.c. saline. 

Negatives (see under Discussion) may be tested by assuming that the serum 
gave a “doubtful” result. 

After several minutes, assisted by gentle tapping, the precipitate goes com- 
pletely into solution. The fractionation is now completed and the testing of 
this fraction is carried out by performing a Kahn test in t]ie standard manner. 
However, only the third tube of the three-tube test is employed, using 0.0125 e.e. 
antigen emulsion plus 0.15 c.c. of the solution containing the dissolved precipitate. 
.The tube is shaken in a Kahn shaker for three minutes, 0.5 c.c. saline is added, 
and the tube reading is made immediately. Standard Kahn test readings of 
plus-minus, 1 plus, or 2 plus are given a “negative” report, whereas a 3 plus or 
4 plus is given a “positive” report. A “positive” in this sense is interpreted 
to mean that the fraction carried sj-philitic reagin ; a “ negative, ’ ’ that no reagin 
was originally present. 
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DISCUSSION 

Tlie results obtained in this laboratoiy are presented in Table I. Although 
the number of cases of malaria of necessity is omitted, tlie percentage values 
arc based on all malarial patients giving false positive serologic results ■which 
occurred over several months. The diagnosis of malaria was confirmed in all 
instances by positive blond smcai’s, and serologic “malarial patterns”* * were 
obtained. 

Table I 

XUWBER .STAVPARir K.\n.V TE-ST 

or iitAososLS 1‘osiTivn an'd Donjrrio. 

CASES (IM:RfE.VT) 

* Malaria mo 

9 Syphilis (untreated) 100 

50 Sj*philis (treated) mO 

•Nuniber of cn«<ea tlclPtcil in .uroHl.inn* lutri wn^oichlii ic ii' i ions. 


rRACTION'AL SUPPLE- 
>rEiVTARY TEST PO.SITIVE 
(PER CENT) 

ino"* 

90 


Qualitative factors wci’c more important tlian fjuantitativc factors as far as 
tlie jirecipitatioii was concerned This lioeamo evident when quantitative Ivahn 
tests were done on all positives heivin reported. Of tlie group of malarial sera, 
there were tliirty-four with titei’s of -iO Kahn unit.s or more whicli gave nega- 
tive” supplementary rc.sults wliile of the syphilitic sera there were nine ‘ posi- 
tives” with titers of Ic.ss tlian 40 Kalin units, proving that isolation of the 
fraction definitely removc.s the malarial nonspeeifie-reaeting substances. 

It is of interest that in the treated patients with syphilis, 10 per cent of the 
sera were not positive in l!io supplemenlary test This is evidence that the frac- 
tion usually carrying rcagiu may fail to do so in treated .sypliili.s. Tlie titer of 
reagin is again not determinative inasmuch as tiie .sera of six untreated patients 
with syphilis with titers of 4 Kahn nnits were jiositivc. "whereas the sera of the 
five ti'eated patients giving “negative” supplementary resulhs had tilers of 4 
Kahn units or move. It is suggc.sted, if this ob.servation is confirmed and 
amplified, that it may be used as an index of complete cure in tho.se patients 
■who remain serorosistaiit after suppo.sedly adequate treatment has been con- 
cluded. Serologic tests usually have Iieen approved on the basis of specificity 
and sensitivity. It seems to be as important to evaluate tests on the basis of 
“persistency” also, which sets forth the eoneopt that a continued positive in 
a completely treated and cured patient with .syphilis is as false as any positive 
serologic reaction olitained from unrelated diseases. It should be noted that 
Kytr reported of his differential metliod that sera of patients with syphilis 
treated for more than a year and a half gave a negative confirmatoiy reaction 


although routine serologic te.sts were positive. 

As a findiim- of interest, mention should be made of two .syphilitic bloods 
wliicl, gave negative rc.sults in ti,e .staiidar,! Kaln. te.sf and positive results m the 
Hinton tests. Upon removal of the fractions used in the .supplmientary tc.st, 
those two sovutns gave “positive" rcsult.s. Whore the .standard Kahn fa. ed o 
demonstrate a positive to I.egin with, i-eagin was neve.-tl.rfess denonstraWe 
after the first fraction was re.noved from the ve...anwlcr ol he sc.nm under 
the conditions detailed for the present te.st. The failure of the reag.n to he 
orident in the origi.ml ser.nn n.ay he due to the same phenomenon of .nh.b.t.on 



152 


ROSENBERG 


described bj' Brown.® In the present instance the inhibiting substance or sub- 
stances were presumably removed. This finding also is in need of further con- 
sideration. 

Patients with diseases other than malaria that produce false serologic re- 
actions were not available at this installation so that the efficacy of this fractional 
supplementary test in other conditions is not knoATO. It is logical to assume 
that if the linkage of antibody is the same as in malaria, the same results can 
be expected. These determinations remain to be earned out. 

It is obnous that the fractionation is crude in that total protein and 
albumin-globulin ratios may vary from individual to individual. 


COXgLUSIONS 

1. A supplementary test for syphilis is described based on the isolation and 
testing of a fraction of the serum which carries Avith it syphilitic reagin and 
only rarely the immunologic substance or substances induced by an infection Avith 
malaria. 

2. The fractional supplementary test is practical, easily performed, although 
demanding of accuracy in technique, and can be utilized by any laboratory 
routinely doing the standard Kahn test. 
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COJIPABATIVE EESULTS OBTAINED WITH THE KAHN STANDARD 
AND A ONE-TUBE PLOCCULATION PROCEDURE IN 
SEROLOGIC TESTS FOR SYPHILIS 


Samuel R. Damon, Ph.D./ and IIayme C. Colvin, B.S.f 

JklONTGOMEBY, ALA. 


F or the past four years advantage has been tiaken of the availability of the 
blood specimens submitted in the annual U. S. Public Health Service 
Evaluation of Serodiagnostic Tests for Sjqdiilis to determine the sensitivity 
and specificity of a singlc-tul)c diagnostic fiocculation procedure as compared 
with the Kahn standard three-tube technique as carried out by Kahn and as 
performed in our own laboratory. Kahn standard antigen was used in all 
three procedures, but in the single-tube technique the proportion of patient’s 
serum to antigen was 10.1, that is, 0.2 c.c. .serum to 0.02 c.c. antigen. Other- 
wise, the technique of the author-scrologist was followed meticulously, with 
the tests being read by artificial light and a mirror and the two readings, 
made at a fifteen-minute interval, aveiaged. In reporting the results of the 
one-tube test, readings averaging 2 plus or more were called positive; if the 
average was 1 plus, the test was called doubtful ; and if the average was plus- 
minus (±) or negative, the report was negative. 

The sensitivity and specificity ratings were worked out in Dr. Mahoney’s 
office at the Venereal Disease Research Laboratory of the U. S. Public Health 


Service. 

In Table I, A, it is indicated that 495 specimens from presumably normal, 
or at least nonsyphilitic individuals, were tested with no false positive or doubt- 
ful tests reported by Kahn or our own laboratorj', using the Kahn standard 
test. One false positive and no false doubtful result was obtained with the 
one-tube method. 

In Table I, H, are given the results in 156 coses of early syphilis. Of these, 
Kahn found 110 positive and wc found 112 with the three-tube test. With 
the one-tube tost, 111 were positive. 

In Table I, C, are shown the findings in 371 cases of syphilis in the latent 
stage. Kahn detected 265 and avc delected 246 with tlie standard test, whereas 
262 were positive with the one-tube technique. 

In Tabic I V, are included 304 cases of late syphilis. Kahn found 258 and 
we found 239 positive with the Kahn standard procedure, while witli the one- 
tube test wc detected 250. 

In Table I K arc shown the results on sera from 43 cases of congemtal 
Sj-pliilis. In this group iCalin detected 36 and wc detected 30 with the Kahn 
standard test. With the onc-tui)e method wc picked up 34. 

In Table I, F, are summarized the findings in 874 sera from sypliilitic pa- 
tients. Of these, Kahn found 669 and wc reported 627 positive with the three- 
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tube technique, while with the one-tube test we found 657 positives. In F it 
is also indicated that, in our hands at least, significantly fewer douhtful tests 
were reported with the one-tube than with the three-tube test. 

T.vble I 

Results Obtained in the Laboratory of Dr. R. L. Kahn and the Alabama State Depart- 
ment OF Health Using the Kahn Standard Flocculation Test and a One-Tube 
Technique (Specimens Submitted in the U. S. Public Health Service 
Evaluation of Serodiagnostic Tests for Syphilis, ]9tl, 1942, 1943, 1944) 


speci- kahn standard ala. Ivahn standard ala. one-tube 

MENS DOS. DOUBT. NEG. POS. DOUBT. NEG. POS. DOUBT. NEG. 


Nonsyphilitic 


A 

B 

495 

156 

110 

9 

495 

Early Syphilis 

37 112 5 

495 

39 

1 

111 

7 

494 

38 

C 

371 

265 

16 

Latent Syphilis 

90 246 22 

103 

262 

12 

97 

D 

304 

25S 

12 

Late Syphilis 

34 239 19 

46 

250 

13 

41 

E 

43 

36 

1 

Congenital Syphilis 

6 30 4 

9 

34 


9 

F 

S74 

669 

3S 

Syphilitic (Summary) 
167 627 50 

197 

659 

32 

1S5 


In Table II is gh*en the comparative standing as to sensitivity and specificity 
of the three-tube and one-tube tests for four years in the U. S. Public Health 
Service Annual Evaluation Study. ' 


Tabi-e II 

Results Obtained in the Laboratory of Dr. R. L. Kahn and the Alabajia State Depart- 
ment OF He^vlth Using the Kahn Standard Flocculation Test and a One-Tube 
Technique (Specimens Submitted in the U. S. Public Health Service 
Evaluation of Serodiagnosis Tests for Syphilis, 1941, 1942, 1943, 1944) 


year 


SENSITIVITY 

specificity 

1941 

Dr. KaUn standard 

79.2 

100.0 


Alabama standard 

67.0 

100.0 


Alabama one-tube 

72.2 

100.0 

1942 

Kalm standard 

S0.7 

100.0 


xVlabama standard 

75.5 

100.0 


Alabama one-tube 

78.3 

100.0 

1943 

Kalin standard 

71.S 

100.0 


Alabama standard 

70.9 

100.0 


Alabama one-tube 

71.7 

100.0 

1944 

Kahn standard 

82.1 

100.0 


Alabama standard 

84.7 

100.0 


Alabama one-tube 

83.6 



CO.NCLUSIOX 

A oue-tube test for .syphilis, using patient’s serinn and Kahn standard 
antigen in a 10:1 ratio, is essentially as sensitive and as .specific as the thrce- 
tnhe Kahn standard technique, has the advantage of giving fewer doubtful 
reactions, and is simpler and easier to perform. 



AN BIPKOVED METHOD FOR DETERMININO THE COAGULASE 
ACTIVITY OF STAPHYLOCOCCI BY JIEAKS OF THE 
PLASJIA AGAR PLATE 

.T. Douglas Rrm, Sc.D., an'd Randolph M. elACKSox 
Richmond, Va. 

T he observation of Loeh’ that eeilain strains of staphylococci were able to 
coagulate goose plasma v’as follou-ed a feu' years later by the demonstration 
of the relationship of that property of the staphylococci to their pathogenieity.- 
Through tlie studies of numerous other workers, eoagulaso production lias been 
accepted as a means of ascertaining the possible importance in disease produc- 
tion of staphj’lococci isolated from human sourees. In many clinical laboratories 
this test has become a routine j»roeeduro, cither replacing or supplementing the 
detcrarination of hemolytio activity and mannilc fermentation. 

Tile usual procedure for determining eoagula.se production is a test tube 
method in which the staphyloeiieei are inoeiilalcd into the diluted plasma. The 
tubes arc incubated at 37® C. and read at the end of thi’ec and eighteen 
horn's. While tliis procedure is not laborious, it doo.s retpiirc that sterile plasma 
bo kept on hand and that tlic dilutions l»e prepared each time a determination 
is made. Furtlicnnorc, the organism must be Isolated in pure culture, which 
entails a delay in reporting results. 

In order to simplify the procedure used for eoagulaso determinations, it 
occurred to us that coaguIa.se foi'niatioii might poE>.sibIy be determined in solid 
media to which plasma iiad hecn added This would make possible the storage of 
plasma agar plates to lie used a.s needed and also mnlie possible a more rapid 
detennination by the streaking of such plates directly with fho.se specimens in 
which staphylococci had heen observed in tlie direct smear preparations. 

In the preliminary study, sterile plasma wa.s added to eciual amounts of 
previously sterilized and cooled veal infusion 4 per cent agar. Tliis wa.s well 
mixed by rotation and 20 c.c. amounts poured into sterile Petri dislies and 
allowed to solidify Tlie plates were inoculated heavily in scattered spots witli 
twenty-four-hour cultures of staphylococci which liad previously been tested for 
coagulase production by tlic test lube method. After overniglit incubation at 
37° C , there appeared around eaeh colony known to be coagulase positive a 
grav halo of variable diameter. No zone appeared around tlie noncoagula.se- 
producing staphylococcus straiii-s. It was further noted that .staphylococci 
growing on plates prepared in a similar manner, but using sernm obtained from 
clotted blood instead of plasma, did not produce this halo efleet but only a lamt 
clear zone around certain of flic .strains. TI.Is eliminated the possibility that 
some substance other than coagula.se was giving this halo reaction. 

The "rav halo in tlie plasma agar plates first appeared within three or foui- 
houi^. at which time the majority of cultures could be read. In a few cases the 

Prom the Department of Uactciolo^- and Pa.a.Itolo^-. Medical College of A'lrginia. 
Recelv'od for publication, Nov. 20, 19H- 
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Fig. 1. — Plasma agar inoculated with coagulase-positive and coagulase-negative staphy- 
lococci. The production of a gray halo about the coagulase-positive strains differentiates them 
from the nonooagulase-produclng staphylococci ; eighteen-hour incubation at 37° C. 



Fig. 2. — Plasma agar inoculated with staphylococci to show a second type of 
that mav occur with certain coagulase-positive strains. Note the area of clearing tnai ^ 
duced within the gray halo as contrasted with the reactions obtained in Fig. 1 : eignien 
incubation at 37° C. ’ 
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lialo was not visible until the second reading at tlic end of eighteen hours. After 
overnight incubation, a zone of clearing was noted around many of those strains 
which were hemolytie on blood agar plates. Since it did not appear uniformly 
around all eolonics Avhich were knowni to be hemolytic, it could not be used as a 
criterion of hemolytic activity. However, nonhemolytic strains did not give 
this reaction. This clear zone did not interfere with the reading of the zone of 
coagulaso formation but seemed to have pushed it outward so that the final ap- 
pearance was a clear zone adjacent to the colony, about the periphery of which 
was a gray zone of variable diameter indicating coagulaso activity. The various 
types of staphylococcus actiA’ity on plasma agar plates are shown in Figs. 1 
and 2. 

Prepared plates were stored for as long as thirty days and the reaction still 
occurred when these plates w'ere inoculated with coagulase-positive staphvlococci, 
thus indicating that deterioration in storage is not a great problem. Plates not 
over two Aveelts old, however, give tlie best results. 

Various concentrations of plasma and types of media were used before ob- 
taining one that we considered most suitable for routine use. 

I,tATCRI.U.S AND METHODS 

Plasma Agar . — Veal infusion 2 per cent agar, containing 0.5 per cent 
peptone and 0.5 per cent sodium chloride, is prepared in the usual manner. This 
agar is sterilized and cooled to 43° C. As a fairly clear infusion agar is essential 
for easy reading of the reaction, the melted agar is poured into a sterile flask, 
leaving behind tlie sediment that may have accumulated. To this is added 20 
per cent human plasma. AVc have made irse of the plasma discarded by the 
blood hank heeause of positive serologic reactions. The agar is then poured 
into sterile Petri dishes in from 12 c.c. to 15 c.e. amownts and allowed to 
.solidify. Prepared plates arc stored in the icebox until ready for use. 

Numerous strains of staphylococci can lie tested for coagulase production 
on a single plate. Our usual procedure has been to divide the plate into sections 
and heavil.v inoculate an area approximately 4 mm. in diameter in each section 
with a .staphylococcus growth obtained from .solid media. The streak method 
of inoculation is also .satisfactory, although the gray zone may be smaller due to 
the smaller size of the colonies. Incubation is carried out at 37° C. Reactions 
are tecovded at the end of three liours and again after overnight incubation. 

IVliere it is de.sirable to obtain an early report on tlie coagulase activity of 
staphylococci scon in tlie initial smears of infectious material received in the 
laboratory, direct plating of this material can be made on plasma agar plates and 
readings made the following moiiiing. The streaking of tlie plate should he 
curried out in such a manner as to obtain Isolated colonies. An example of this 
method of procedure is .sliomi in Pig. 3. 

Tube Metlwd.~A loopful of culture from a twenty-four-hour veal infusion 
agar slant wa,s inoculated info 1 c.e. of a 1 :3 dilution of plasma. Tlie tubes were 
incubated at 37° G. and road at tlie end of three and eigliteen liouis. 

Hcmohjiic Aciim’ty.— Hemolytic activity was determined by inoculating the 
staphylococci from a twenty-four-hour veal infusion agar slant onto veal infusion 
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5 per cent slieep blood agar plates. The plates ivere incubated at 37° C. lor 
twenty-four houre before reading. 

21annitc Fermentatiov .- — This was determined by the inoculation of mannite 
broth from twenty-four-hour cultures of the staphylococci grown on a veal in- 
fusion agar slant. The tubes were incubated at 37° C. and initial readings were 
made at the end of twenty-four hours Avith a final reading at the end of one week. 



RESULTS 

Eighty-hvo strains of sta])hylococci, of Avhieh sixty-three ivere Sfnpkl/io- 
coccms anrciis, seventeen Staphylococcus alhits, and two Stajihylococcns citrcus, 
Avere used in this study. A comparatiA-e study of their ability to coagulate 
human plasma by the tube method and In- the plate method described Avas made. 
The results are indicated in Table I together Avith such activities as mannite 
fermentation and hemolytic acth-ity on blood agar plates. 

Sixty-tAvo of the Stapliylococcvs aureus strains Avere obtained from human 
sources and clinically Avere definitely related to the pathologic process from 
AA'hich they Averc isolated. One sti'ain in this gi'oup Avas a stock strain used for 
testing the potency of penicillin preparations. All of these strains gaA’c a posi- 
tive coagulase reaction in eighteen houi-s by the lulie and plate methods. H 
is to be noted, hoAvever, that in the three-hour reading of coagulase activity, 
only fifty-four of the strains gaA'e a positiA'e reaction by the tube method in 
this period of time. This Avas probably due to the fact that the plates arc 
inoculated heavily in a small area, hence the beginning coagulase activity Avith 
certain strains is more quickly noted on the plate than in the tube, Avhere the 
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Table I 

Results Obtained ■\ViTir Eigutv-Two Strains of STApnvLorocci in Cojipabing the A^alue 
OF THE Tube and Plate Coagulase Tfst 
(Mannite Fermentation and HEsrOLYnc Activity Also Shown) 


SPECIES 

NO. 1 
TE.STED 1 

1 

ilANNlTE 
(NO. POS.) 

HEMOLYTIC 
(NO. POS.) 

TUBE COAO. 
(NO. PO.S.) 

PLATE COAG. i 
(NO. POS.) 1 

SOURCE 


3 HP.. IlSnn. 

3 HR. |1S Ittt.l 


Staph, aureus 

63 

62 

5fl 

54 

63 

50 

03 

Definite pathologic 
process 

Staph, albus 

17 

4 

a 

1 

0 

0 

0 

Vaiiou'! sources not 

Staph, citreus 

o 

0 

0 

0 

0 

0 

0 

lolated to patho- 
loijic process 


organisms arc dispersed throughout the diluted plasma. The ability of this 
group of organisms to ferment mannite and to licmolyzc red blood cells coincided 
well with coagiilase production, allhougli n few di.serepaiicies in this respect can 
be noted in Table I. 

The seventeen strains of Stapht/lococcu.*t (dhus were from various sources 
which could not he correlated with an infectious process. None of them gave a 
positive coagulasc test. As will be noted in Table I, there was some irregularity 
in the correlation between the activity of this group in mannite and on blood 
agar plates, although as would be expected in coagulase-uegativc strains, the 
majority of them wore inactive in inamiile and did not produce hemolysis on 
blood agar plates. 

The two strains of Shiphylococcuf: citreus were isolated from contaminated 
plates and were negative in all tests. 

SUMSIARV 

The ability of eerlain .strains of staplodococci to produce eoagulaso is a 
recognized means of determining their possible pathogenicity. This property 
is determined by inoculation of tlie slapiiylococct into tubes of diluted plasma. 
The tubes are then incubated at 37*^ C. and read for plasma clot formation at 
inteiwals of time, usually from three to eiglitcen hours. This procedure iia.s tiie 
disadvantages of requiring .sterile plasma to be kept on hand and dilution tubes 
to be prepared, as well a.s necessitating the isolation of tlie organism before the 
test can be made. 

In order to simplify tliis procedure and to obtain rapid determinations foi 
clinical laboratory reporting, we have developed a modified test which gi\es read- 
ings comparable with tliose obtained by tlie “.standard" metlmd. B.v the use 
of veal infusion agar plates to wliicli 20 per cent sterile plasma has been added, 
many of the disadvantages of the tube method of coagulasc determination can 
be obviated. Coagulasc-prodiicing .stajibylococci inoculated onto such plates 
produce a gray halo effect about flie inoculum within liiree to eighteen lioui’s. 
Noncoagulase-producing staphylococci do not give a reaction. Numerous strains 
of staphylococci can be tested on a single plate. Plates of tliis medium can be 
prepared and stored for use as needed, eliminating the necessity of preparing 
dilution tubes each time a test is run. 

For clinical laboratory pui7>oscs wliere it is dc.siral)le to obtain an early 
reading on tiic coagulase-produeing power of a stapliylocoecus soon in smears 
of infectious matorial, this material can be streaked directly on plasma agar 
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plates. After overnight incubation of these plates the coagulase-produeing 
activity of the organism can be determined observing single isolated colonies. 
This eliminates the necessity of isolating the organism before the determination is 
made. Infectious material in Avhich numerous other organisms besides staphylo- 
cocci are present can be handled in a similar manner as long as isolated colonies 
of staphylococci are obtained, since we have not observed anj'^ interference by 
other organisms vuth this reaction. 

As this media supports the growth of many of the pathogens such as strepto- 
cocci, pneumococci, and meningococci, it maj^ also be found useful as routine 
culture media for clinical laboratories. 
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SBIPLE TECHNIQUE FOE ESTBIATION OP PENICILLIN IN 
BLOOD AND OTHER BODY FLUIDS* 


Mary B. Wolohan, A.B., and Windsor C. Cutting, i\[.D. 

San Francisco, Calif. 

With the Technical Assistance op JIary W. Cutting 

T he Oxford cup method for the assay of penicillin, while applicable to fluids 
containing fairly high concentrations of the drug, is unsatisfactory for 
clinical determinations in the blood where the concentration is usually less 
than 1 unit per cubic centimeter. The method of Rammellcamp^ is more com- 
monly used for estimations in the blood but is laborious. Fleming's method, 
as described to us by Herrell,® of the Mayo Clinic, is simpler, and it is this 
procedure which has been further simplified by us. The three methods are 
basically similar. Each consists of serial dilution of the unknown blood and 
addition of a constant inoeiilum of hemolytic streptococci. After incubation 
the tubes are observed for evidence of inhibition of growth of the bacteria and 
compared with controls, similarly prepared, but containing known amounts of 
penicillin. The penicillin content of blood from man, dog, and rabbit, con- 
taining variously from 0.01 to 4 units per cubic centimeter, was repeatedly 
, compared bj' the three methods with satisfactory agreement. 


METHOD (blood) 

Vnhxoion.—SGt up eight small test tubes (Wasserniann) in a suitable rack. 
To each, except the first, add 0.2 c.c of physiologic salt solution. To the first 
and second tubes add 0.2 c.c. of the unknown whole (citrated) blood. Prom 
the second tube transfer 0.2 c.c. to the third tube, then from the third tube 
transfer 0.2 c.c. to the fourth, and so on, to make serial dilutions. Discard 


0.2 c.c. from the final tube. 

To each of the eight tubes add 0.2 c.c. of a suspension of hemolytic strep- 
toeoceit in broth prepared as follows: Transfer streptococci from a twenty- 
four hour culture in broth, by loop, to fresh broth. Use one loop of strepto- 
cocci for each cubic centimeter of broth, and prepare enough for all the un- 


kiioudi and control blood samples to be assayed. 

Shake each tube, hold almost horizontally, and from it, by capillarity, 
nearly fill a glass capillary tube about 6 cm. long. AVhile still holding the 
capillary tube horizontally, imbed the end in a layer of modeling clay, filling 
a groove in a small board. When all the capillary tubes are in place, m a row, 
turn the board so that the tubes are upright. 

Incubate for twenty-four hours at 37” C., and then inspect the tubes for 
presence of hemolysis and colonies of streptococci. 


•Supported, in part, by the Rockefeller Plu.d Rcaeareh Fund and the Wlnthrop Fallon- 
ship Fund. 
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Control . — Set up a series of tubes, as for the unknown blood, but use de- 
fibrinated horse blood containing 1 unit of penicillin per cubic centimeter in 
place of the unknown blood sample. 

Estimation.—'Th.e most dilute control capillary tube without hemolysis and 
bacterial colonies indicates the dilution of 1 unit of penicillin which will in- 
hibit the inoculum of streptococci. The preceding tube indicates the dilution 
of 0.5 units which Avill inhilnt the streptococci and so forth. By comparison of 
the end point in the control series and that in the unknown series, the con- 
centration of penicillin in the latter is estimated. Thus, if the end point in 
the control series is in the sixth tube, as it visually is, the unknown contains 
1 unit, if it, also, gives the end point in the sixth tube ; 0.5, if in the fifth tube, 
and so forth. 

COMMENT 

Sterilized glassware is used, but the tubes and pipettes are not flamed, 
except initially. To simplify preparation, the test tubes (Wasserniann) are 
placed, without plugging, in a large wire rack, which is then wrapped in paper 
and sterilized. A small tear in one corner allows removal of individual tubes 
as needed. Any capillavy tubes may be used, but in our hands the Kimble 
brand. No. 34500, for melting point determinations, has been most satisfactoiy. 

Although the concentration of red cells differs in each tube, this does not 
affect the accuracy of the test. In this procedure the centrifuging of blood 
specimens and the addition of known amounts of red cells are eliminated. 
The simplification of the procedure, therefore, depends upon these omissions 
and upon the use of capillary tubes. Rabbit blood occasionally gives results 
in which the end point is difficult to determine, presumablj' because of delay 
in sedimentation of the red cells. Because penicillin is stated to enter red 
blood corpuscles in minute amounts only, any considerable shift in hematocrit 
would affect the concentration of penicillin when determined in whole blood, 
as in our procedure. However, the error seldom is significant, especially when 
considered in the light of the large inherent error of the serial dilutions. 

The concentration of penicillin in other body fluids may be determined 
similarlv'. Urine mu.st be diluted before estimation to bring the usually high 
urinary penicillin levels into the range of blood levels. It is usually diluted 
with nine parts of defibrinated horse blood, but broth may be used (the end 
point is then determined only on the basis of colony growth). The final values 
must, of course, be corrected for the dilution factor. 

The age of the streptococci (up to five days), their dilution between 10 
and 10'^, and the exact period over which tlie test is allowed to run have prac- 
tically no effect upon the re.sults obtained. 


CONCLUSION 


A simplification of Fleming’s method for the estimation of penicillin is 
described. 
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COlfPAKISON OF JlETHonS ADAPTABLE TO PRODUCTION LINE 
EXAMINATION OF SPUTUM FOR TUBERCIR'I BACILLI 

Gkouge M. Casiehox, Pii.D., and Beth Castias, B.S. 

Nashviu.e, Te.v.v. 

F or several j-cars there lias been a need for some niothocl o£ digestion and 
coneentration o£ tiiborele baeilli in spiitnni as a routine jiroeediire in the 
Division of Laboratories of the Tennessee Deiiarlinent of Public Ilcaltli. Some 
of (he factors considered desirable vvei'c: {!) a simple method of concentration 
adaptable to use on many speeiniens; (21 suflieienl increase in ])o.sitivo findings 
to make the procedure worth while; (3) elimination of extraneous material 
which might interfere with the identification of a few organisms in tlie micro- 
scopic field. 

Several methods were available wbicb might jirove satisfactory, Accord- 
ingly, a scries of examinations was made to determine wliich of these methods 
should be employed routinely. Preliminary cheeks had liccn made by Brougher 
and one of us,' coiniiaring the direct smear with the autoclave (heat coagula- 
tion) method and the trypsin digestion method. Tlie autoclave method was 
found more eflicieiit in (he.so studies than (be trypsin method. This fact, to- 
gether with the safet.t' and sim|ilicity of the autoelave method, allowed its 
choice in preference to the trypsin digestion for further study. 

Robinson and Stovall (1941)’ compared NaOll digestion and concentration 
with a numlior of other methods listed as follows: 

1. Alknlic.s, other than NaOII, as calcium hydro.xidc and ammonium 
hydi'oxide 

2. Acids (6 per cent .sulfuric) 

3. Animal ferments (trypsin) 

4. Organic solvents (“tcrgitol pcnclraiit 08" in solution with NaOH) 

5. A’'cgctablc ferments (caroid) 

Tiicsc authors make the following statement in regard to these methods: "From 
the study made it apiiears (hat the most satisfactori- digester.s are normal 
sodium hydroxide and caroid (2 to 5 ])er cent caroid with 0.2 to 0.1 ])er cent 
•Sodium hydroxide).” The ti.se of caroid (eommereial jneparation of the enzyme 
papain), as presented by Sullivan and Scars (1!)39),’ was not tried in this com- 
parison of methods of concentration. Robinson and Stovall state; "Caroid. 
while it does not digest pus activel.v, is more satisfiU'tory tiian tryp.sin." They 
suggest etpial ciuantitic.s of 0.1 to 0.2 i>er cent .sodium hydroxide solution and a 
fi or 2 per cent caroid solution as being more efleetive tban either alone. Thc.v 
•state further that caroid stnears n.sually have an even hiiekgronnd and good 
distribution of well-stained organisms, although dccoloriz, - 1(1011 i.s occasionally 
difficult. The advantages of this method, as de.seribcd by (ho authors, arc ns 
follows: (1) rapid digestion; (2) no nentralizntinn of digestant necessary; (3) 

From tlio DHlalon of IJiliorntoiWS. Tenli<-.«o>- r>r-p.-lrlnioi1t of Pul, lie lie, ,,1111. 

Rccptved for jnihlicntlon. Dpc. 18, ijm. 
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Control . — Set up a series of tubes, as for the unknown blood, but use de- 
fibrinated horse blood containing 1 unit of penicillin per cubic centimeter in 
place of the unknown blood sample. 

Estimation . — The most dilute control capillary tube without hemolysis and 
bacterial colonies indicates the dilution of 1 unit of penicillin which will in- 
hibit the inoculum of streptococci. The preceding tube indicates the dilution 
of 0.5 units Avhich will inhibit the streptococci and so forth. By compai’ison of 
the end point in the control series and that in the unknoAvn series, the con- 
centration of penicillin in the latter is estimated. Thus, if the end point in 
the control series is in the sixth tube, as it iisually is, the unknoivn contains 
1 unit, if it, also, gh’e.s the end point in the sixth tube ; 0.5, if in the fifth tube, 
and so forth. 

COMMENT 

Sterilized glassware is used, but the tubes and pipettes are not flamed, 
except initially. To simplify preparation, the test tubes (Wassermann) are 
placed, Avithout plugging, in a large Avire rack, Avhich is then AA'rapped in paper 
and sterilized. A small tear in one corner alloAA's remoA'al of indiA'idual tubes 
as needed. Any capillary tidies may be used, but in our hands the Kimble 
brand. No. 34500, for melting point determinations, has been most satisfactory. 

Although the concentration of red cells differs in each tube, this does not 
affect the accuracy of the test. In this procedure the centrifuging of blood 
specimens and the addition of knoAvn amounts of red cells are eliminated. 
The simplification of the procedure, therefore, depends upon these omissions 
and upon the use of capillary tubes. Babbit blood occasional]}’' giA’es results 
in AA’hieh the end point is difficult to determine, presumably because of delay 
in sedimentation of the red cells. Because penicillin is stated to enter red 
blood corpuscles in minute amounts only, any considerable shift in hematocrit 
AA’ould affect the eoneentration of penicillin Avhen determined in Avhole blood, 
as in our procedure. HowcA er, the error seldom is significant, especially Avhen 
considered in the light of the large inherent error of the serial dilutions. 

The concentration of penicillin in other body fluids may be determined 
similai'ly. Urine must be diluted before estimation to bring the usually high 
uruiary penicillin leA’els into the range of blood IcA’els. It is usually diluted 
Aidtli nine parts of defibrinated horse blood, but broth may he used (the end 
point is then determined only on the basis of colony groAA-th). The final A'alues 
must, of course, be corrected for the dilution factor. 

The age of the streptococci (up to Aa'c days), their dilution hetAA’een 10 
and lO"*, and the exact period oA’er Avhich the te.st is alloAved to run have prac- 
tically no effect upon the results obtained. 

CONCLUSION 

A simplification of Fleming’s method for the estimation of penicillin is 
described. 
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for from one to three hours had no ill effects. Digestion was aided by shaking 
or stirring the specimens at least once during incubation. Following incuba- 
tion, 1 to 2 drops of phenol red indicator were added to each specimen. Suf- 
ficient 3 per cent HCl was added to neutralize the specimens. Then, a few 
more drops were added until the reaction was definitely acid. In practically 
all cases a good flocculation was obtained. 

The sputa in the third series of tubes were used for cloro.K digestion and 
concentration. To this scries equal volumes of cloro.': were added. The speci- 
mens were stirred well with applicators, allowed to stand from ten to thirty 
minutes, and stirred well again before they were centrifuged. 

Timing was arranged so that the three series of tubes were ready for the 
centrifuge at the same time. The specimens \vere centrifuged at 3,000 r.p.m. 
for thirty minutes. 

Three sets of new, chemicalli’ clean slides were used. Smears were made 
from the centrifuged sediment after the supernatant was discarded. An appli- 
cator, prepared with a wisp of cotton, was used to make the smears. After air 
drj'ing and fixation by heat, all slide.s w'ere stained by the Ziehl-Neelsen method. 

Slides were placed on a rack, earbolfuehsin added, and the preparations 
steamed for five minutes. After cooling for ten minutes, tlie.v were washed with 
tap water and decolorized with acid alcohol. They were then washed again 
and counterstained witli Tjoeffier’s methylene blue, diluted 1:4 with distilled 
water. Undiluted Loeffler’s was found to give too deep staining for all organ- 
isms to show up well and tlie diluted countcratain gave sufficient background for 
contrast. 

Specimens found negative by routine direct smear and positive by concen- 
tration method were recjiecked by direct examination. Except where otherwise 
specified, observations include the recheck. 

OBSERVATION'S 

Two hundred and eleven specimens were examined. Of these, seventy-five 
were found to contain tubercle bacilli while 136 were negative. The seventy- 
five sputa showing tubercle bacilli were collected in fifty-one instances for 
purposes of diagnosis and in sixteen as a check on treatment; for the remaining 
eight, no reason for collection was stated. 


Tabi,e I 

Breakdown Cosir.'RisoN or Seventy-Five Po.sitive Findings 


number 

direct 

CI.ORO.V 

Naon 

AUTOC1.AVE 

1 

+ 

+ 

+ 

- 

4 

- 

- 

“ 

+ 

0 

- 

+ 



o 

_ 

+ 
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_ 

+ 

- 


45 

+ 

+ 

+■ 

+ 

0 

- 

+ 

+ 

+ 

1 

+ 





Table I shows that one specimen was found positive by only the direct 
niethod, four by only the autoclave, and nine by only the elorox method. 
The other sixtj'-two specimens were found positive by tw'o or more methods. 
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A R.VPID STAINING TECHNIQUE FOR ACID-FAST ORGANISMS 
Corpor.Uj Hpgii E ?tIi'i.LEjE AMi> Stafi* Sebuean't Ralph L. Chermock 

R apid routine staining of aeid-fast orgauiams with earbolfuchsm usually 
employs heat. Heat serves to pi-oduee more vapid penetration of the stain. 
We liave recently employed Tcvgitol No. 7* a detergent or wettijig agent, 
as a substitute for heat and have found that it also accelerates tiie staining of 
acid-fast organisms. Staining occurs even more rapidly than with heat. 
Tergitol No. 7 was chosen because one of ua had previously employed it success- 
fully in histologic technique.® 


TKCHNIQT^E for stainino smears 

The following technique was applied to smear's which iucluded fresh sputum 
containing tnbcrele Imoilli, concentrations of sputum prepared by the Pctroff 
mid phenolf methods, and pure cultures of tubercle bacilli 

Method.— The smears are fixed with heat and stained for one minute with 
modified Kinyoun’s eai'bolfuclism, the formula' for which is as follow.s: 

Basic fuclism i Gm 

Phenol crystals S Gn». 

95 per cent ethyl alcohol 20 c.e. 

Distilled water 100 c.c. 

Tergitol No. 7 1 drop to every 

30 to 40 c.e. 
of above win- 
tore 

Kote.-— This stain loses its desired rapid e/Tect over a period of a few days. 

It is desirable to add the Tergitol No. 7 to the alrc.ady mixed stain prior to use. 

Next the smeare are decolorized for one-half minute with acid alcohol, tiio 
following formuk liehig used : 


HCi - 3 c.c. 

95 per cent ethyl alcohol 97 C.c, 


They are then couuter.staincd for one minute with DocfHer's alkaline 
methylene blue, using the following formula: 

Potassium hydroxide (10 per cent aq. sob) — 0.07 c.c. 

DistillPd water ... — “0,0 c.c. 

Stock solution methylene blue — 30.0 c.c. 

Note. — Methylene blue stock — 1.48 Gm, to 100 c.c, of 95 per cent ethyl 
alcohol. Potassium hydroxide first added to water to make 1/10,000 dilution, then 
dyo added- 


Finally the smears are rinsed with water and dried. 

*Tprcitol No 7 obtained from the Carbide and Carbon Chemical Corporation. New 
iork, N. Y. 

tPhcnol method for tubercle bacllH concentration in sputupi: To the sample of sputum 
to be concentrated an enual volume of 5 per cent phenol is added. This Is mixed well and 
autoclaved at 15 pcamds pressure for flttcen minutes. The specimen is cooled, the upper porUon 
IS decanted, and the remainder centrifuged at 1800 r.p.m. for from ten to fifteen minutes. The 
sediment is streaked on the sUde. dried by air, fixed with heat, and stained. 

From the Eaboratory Service, Army Air Fotces Regional Station Hospital No, 1. Coral 
Gables, Flu, 

Recelve<l for publication, Oct. 3, 
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This staining method was found to give more consistent results than were 
obtained udth the standard Zielil-Neelsen nietiiod. The acid-fast organisms 
stained more intensely, -were more easily discernible in the field, and the detail 
of the individual organism u^as more pronounced. Tliis was especially noticeable 
wdth the beaded bacillary form of the tubercle bacillus. Moreover, in certain 
instances w'e have been able to demonstrate acid-fast bacilli with the method 
described in known tuberculous infections when similar preparations were 
negative where heat was employed instead of Tergitol No. 7. In the staining of 
smears, the substitution of a 1.5 per cent solution of fast gi'een as a counter- 
stain for Loeffler’s alkaline methjdene blue wms found to be verj' satisfactory. 

Several experiments were performed in an attempt to test the specificity of 
the method for acid-fast organisms. A hundred sputum smears known to con- 
tain no tubercle bacilli were stained by the new technique and examined for pos- 
sible false staining reactions. No acid-fast organisms were found. The stain 
was then applied to smeai-s made from pure cultures of a wide variety of the 
common bacterial genera, and again no false reactions were observed. Sputum 
smears collected from other laboratories and found to contain tubercle bacilli 
when stained by the standard methods were also positive in all instances when 
stained by the new technique. 

B. TECHNIQUE FOR STAINING TISSUE SECTIONS 

The use of the new modified stain was applied to sections of tissue knorvn 
to be infected with Mycobacterium tuberculosis. The staining process was again 
accelerated and excellent differentiation of the organisms was obtained after 
five minutes’ staining. One difficulty encountered, however, was the selection 
of a counterstain which would give morphologic detail and sharp contrast vith 
the organisms. Loeffler’s alkaline methylene blue gave poor results and little, 
contrast. Heidenhain’s hematoxylin differentiated the tissues adequately, but 
the similarity of color to the acid-fast stain made it difficult to distinguish the 
organisms. After testing a variety of stains, fast green, described in the follow- 
ing paragraphs, -was selected as the most desirable counterstain. In prepara- 
tions counterstained for two minutes with fast green, the organisms stood out 
so elearlj^ against a green background that they could be identified easily under 
high dry magnification. 

Method . — Tissues are fixed in formialin for twenty-four hours, embedded in 
paraffin by any of the standard techniques, sectioned, and mounted on slides. 
The slides are immersed in the f ollmiung : 

1. Xylol for three minutes 

2; Xylol for twm minutes 

3. 95 per cent ethyl alcohol for two minutes 

4. 80 per cent ethyl alcohol for twm minutes 

5. 70 per cent ethyl alcohol for two minutes 

6. 50 per cent ethyl alcohol for two minutes 

7. 30 per cent ethyl alcohol for two minutes 

8. Distilled wmter for two minutes and 

9. Modified Kinsmim’s carbolfuchsin stain, prepared as previously described, 
for five minutes 
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Thej- arc then rinsed with distilled water, decolorized witli acid alcohol until 
the tissues arc light pink in color, and coimterstained with last green for two 
minutes. The fast green staining solution is prepared by adding 1.5 c.c. of a 
saturated .ilcoholie soliition of fast green to 98,5 c.c. of distilled water. After 
the coiinterstaining, slides are again rinsed with water, immereed in 95 per cent 
ethyl alcohol for one minute, absolute ethyl alcohol for two minutes, xylol for 
two minutes, and in a .second .tar of ,\vlo! for five more minutes. Coversiips 
are applied with balsam or gum d.nmar. 

If the hemato.vylin-carholfuchsin method is used, the .slides are prepared as 
through step 8 above. The tissue is then stained with Harm hematoxylin for 
ten minutes. This time ni.ty be decreased to from 1 5 to 3 minute-s by adding 
1 drop of Tcrgitol No. 7 to each .30 to 40 e.e, of the hematoxylin stain. The 
slides are ne.xt rinsed in tap water and de.stainc-d with acid alcohol prepared by 
adding 1 e.e. of concentrated hydrochloric acid to 100 c.c. of 75 per cent ethyl 
alcohol. The.v arc again rinsed in tap water and immersed in ammonia water 
(2 to 3 drops of ammonium hydroxide in 100 e.e, of distilled water) for five 
minutes. After a third rinsing in water, they are stained for five minute.s 
with the modified Kinyoun's e.Ti-bolfuehsiu statu, rinsed in water, destained 
with acid alcohol (concentrated liydroehlovic acid, 3 c.c. ; 95 per cent ethyl 
alcohol, 97 e.e.) and rinsed a final time. They arc then immei'sed in 95 per cent 
alcohol for one minute, alisoluto alcohol for two minutes, xylol for two minutes, 
and a second xylol jar for five minutes. Covorsliiis ore applied with balsam 
or gum damar. 

COXOLl'SIOS 

Kapid staining tcehnifiues for acid-fast organisms in smears and tissues 
are presented. The detergent Tcrgitol No. 7 was used to reiilaee heat, The 
shorter time required for staining and the ease with tvlneh the procedure 
can he employed constitute improvements in technique which make the methods 
particularly applicable to routine use. Equal or better results are obtained 
with these procedures than with the older methods, and none of the required 
specificity for acid-fast organisms is lost. 
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GERHARDT’S TEST FOR AOBTO-ACETIC ACID IN URINE 

A Simplified Method for Distinguishing Between True and 
False Positive Reactions 

Harry Zwarenstein, D.Sc., F.R.S.S.Af. 

Cape Town, South Africa 


I N ORDER to distinguish between a positive Gerhardt test due to aceto-acetic 
(diacetic) acid and one due to certain dnigs, for example, acetylsalicylic 
acid (aspirin), sodium salicylate, phenacetin, plienazone (antipyrine), one of 
the following tests is usually perfomied : 

1. A fresh portion of the urine is boiled and the test repeated. If the color 
was due to a drug, the second test will also be positive; if due to aceto-acetic 
acid, the second test will be negative. As pointed out by Harrison,' this method 
is reliable only if the urine is boiled vigorously in a large boiling tube or in an 
open vessel for several minutes. 

2. The colored solution is boiled for a few minutes. If the color is due to 
aceto-acetic acid, it will disappear ; if due to a drug, it remains. 

As Todd and Sanford- point out, however, “it is not sufficient to boil the 
urine after the color has been brought out by the ferric chloride, as is some- 
times advised, since the color caused by certain of the drugs will then disappear 
as well as that caused by diacetic acid.” 

The following modified technique, the outcome of experiments in this de- 
partment, is recommended as a routine procedure. 

Gerhardt ’s Test . — Add about 4 c.e. (1-inch column) of urine to 2 or 3 c.c. 
(V^-ineh column) of 10 per cent ferric chloride solution in a test tube. It should 
be noted that aceto-acetic acid and all the drugs mentioned, except phenacetin, 
give an immediate positive reaction. The dark brown color due to phenacetin 
develops slowly and only reaches its maximum intensity after two or three min- 
utes. 

If the test is positive, add 1 drop of concentrated nitric acid to 1 inch of 
urine in a test tube and boil for about one minute. Cool thoroughly under tiie 
tap and add % inch ferric chloride solution. 

1. If the urine contains aceto-acetic acid, the second test will be negative. 

2. If the urine contains a drug, the second test will be positive; when mod- 
erate or small amounts are present, the color may be slightly reduced in in- 
tensity. 

3. If the urine contains both aceto-acetic acid and a drug, the result ob- 
tained will depend on the concentration of the drug. With moderate or small 
amounts the color will be much less intense in the second test. If large amounts 
of a drug are present, the color will still be so intense after boiling with nitric 
acid that an.v fading of the color due to the disappearance of aceto-acetic acid 
may not be perceptible. 
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THE CONSTRUCTION, CALIBRATION, AND USE OF AN 
ALTERNATINO CURRENT ELECTKODYNAJIIC BRAKE 
BICYCLE EEGOIIETER 

W. Tvttle, Ph.O., axd A. J. \Yendi.eb, Ph.D. 
lon'A City, Iowa 

M any types of ergometers have been omploj'ed for the purpose of investigat- 
ing physiologic problems relating to the working efficiency of the human 
body. Faulty design, poor construction, and erade computations limited the 
practical usefulness of many of those devices. jMctiiods of measuring the 
amount of work done by the arms meluded lifting weights, .shoveiuig sand and 
coal, rowing, pnmping irater, and turnin.g a crank, and various forms of 
ergometers were used. In problenus involving the use of the legs, climbing of 
stairs, walking on a treadmill, wheeling a loaded wheclbanow up an incline, 
and riding a bicycle have been employed e.\ten.sive!y. 

Recent attempts in thi.s field of research have shown that the bic.yclc crgom- 
cter has many advantages over otlier methods of measuring work output. Tlio 
firat advantage is in the muscle groups involved in pedaling. The extensor 
muscles of the legs are the strongest and most highly developed muscles of the 
body and consequently make possible much higher rates of working, pro- 
longed periods of working, and a greater total output. The second advantage 
lies in the fact that the head and thorax of the working subject are more or 
less stationary. This is a distinct advantage in collecting continuous data on 
respirator}' reactions and in making observations relative to physiologic changes 
during the activity period. Other advantages arise from the inlicrent features 
of the machine which make possililc controlled variations in tlie load, constancy 
in the rate of working, and accurate and automatic recording of data. 

Bicycle ergometers which have been const meted by various inve.stigators 
in the past have been of two types. A friction brake was used in the earliest 
models. Due to uneven braking action and nneontrollable loss of heat, the 
friction brake did not prove to be a satisfactory measuring device. The results 
are grossly inaccurate, and refinement of teelmiipte, whieli might partially over- 
come these deficiencies, becomes exorbitant in time and expense. Recent models 
of the bicycle ergometer have utilized the principle of the cleetrodynamic braking 
action of the electrical generator. This latter foi-m of bicycle ergometer has 
been developed and perfected and now provides us with a reliable, fic.xib!e, and 
eompletely automatic method of measuring the work output and power of the 
leg muscles. 

The earliest investigations in the nse of an electric brake bie.vclc ergometer 
were made by Atwater and Benedict,’ who simply pressed tiie drive wheel of a 
small dj-namo to the rear wheel of a bicycle and mca.sured liie current gen- 
erated. This approach did not prove to be rcli.ablc for tlicrc was considerable 
slip in the contact between tlic drive wheel and the rear wheel of the I)ieyelc. 

From the Deji.ntnient of PhysjoloRry. iJtnto Cmversity of Iowa 
R€ce}\eil for publication. No^. 2. 
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This made for uncertainty in the determination of the amount of work done. 
Fui’thermore, it was not possible to vary the working load or measure the 
constancj^ of the rate of worMng. Benedict and Carpenter- and Benedict and 
Cady^ employed an electric brake bicycle ergometer which consisted essentially 
of a bicycle, the rear wheel of which was replaced by a copper disk. Turning 
the pedals caused the eopper disk to rotate between the pole faces of an electro- 
magnet and provided a constant source of resistance. The resistance or load 
could be A'aried by changing the magnitude of the current flowing through the 
coils of the electromagnet. This ergometer proved to be fairly accurate and 
reliable when properly used but had the disadvantage of being difficult to cali- 
brate and did not provide a convenient method of recording data on work out- 
put. Kelso and Hellebrandt^ designed a recording electrodjmamic brake bicycle 
ergometer which was completely automatic, employing a direct current genera- 
tor as the brake. In their ergometer the armature of the generator was con- 
nected to the pedal sprocket of the bicycle and the pedaling motion rotated the 
armature. The field coils of the generator were independently excited by a 
12-volt storage battery, producing a magnetic field in wliieh the armature re- 
volved. When the revolving armature was placed in an electric circuit, in this 
case a resistor and a recording voltmeter in parallel, a current flowed through it. 
This current set up a magnetic field which opposed the magnetic field of the 
field coils, thereby producing the braking action of the ergometer. By varjdng 
the flow of current in the field coils, the bi'aking action could be controlled ac- 
curately. Tlmough careful calibration of the instrument it was then possible 
to interpret the terminal voltage of the armature in terms of work rate. 

The apparatus herein deseiubed is essentially the same as that used by the 
last-mentioned investigators but has the added feature of being operated by 
alternating current. The current for exciting the field coils is obtained by 
means of a rectifier unit built into the circuit, thereby providing a reliable and 
convenient source of direct current. 

CONSTRUCTION AND CjVKE OF THE ERGOMETER 

In appearance and principle, the ei’gometer described herein is similar to 
that designed and constructed bj^ Kelso and Hellebrandt.'* In addition to the 
substitution of a rectifier unit to replace the storage battery for providing the 
field current, changes w'ere made in the ty^pe and size of the various parts to 
make the machine more suitable for the purpose in mind. 

Details of Construction . — The ergometer is portable, reliable, completely 
automatic, and of sturdy construction. Fig. 1 shows the over-all arrangement 
and placement of the various parts. Fig. 2 is a schematic wiring diagram and 
shows the electrical circuit used. 

The framework is constructed of heavy steel girders and piping supported 
by four-inch, rubber-tired, ball-bearing castors. This construction provides a 
framework which is strong and rigid but stilt of high mobility, an important 
consideration since the ergometer is used in various parts of the laboratory. 
The seat, handlebai-s, frame, pedals, sprocket, and chain are parts of a high- 
o-rade bicycle. They are attached to the framework so as to simulate an oi- 
dinary bicycle. The seat and handlebars are movable to permit adjustments for 
body build. 
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Plff. 1. — Photograph of the hleyele crgometer showing tlie placement of the main parts. 
Tf. Recording voltmeter, A, ammeter, P, pilot light; Si nnd Si. switches, As, field rheostat: 
C, generator; flywheel: T, step-down transfonner ; iti. load resistor: R,, rectifier. 

The pedal sprocket of the hicycle is connected to the drive shaft of a 12-vo!t 
direct current Dodge atitomohile starter-generator (G, Figs. 1 and 2) by means 
of a double sprocket and chain arrangement which gives a 1 :12 ratio between 
the pedals and the generator armature. One revolution of tlic pedals, by this 
arrangement, results in twelve revolutions of the armature. An S-ineii flywheel 
(F, Pig. 1), weighing 15 pounds, is fastened to the armature drive shaft to 
provide rotary inertia for smooth pedaling. The series winding of tlie generator 
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is disconnected and is not used. The shunt winding is wired into the circuit 
so that it is independently excited to provide the magnetic field for the braking 
action of the generator. 

The direct current for exciting the shunt winding, hereafter called the field 
coils (F, Pig. 2) of the generator, is obtained from a 110-volt alternating cur- 
rent source by means of a 32-volt step-down transformer and a Mallory magne- 
sium-copper sulfide rectifying element {R^, Pigs. 1 and 2) in a single phase, 
full-wave bridge circuit. The rectifier is a type S36B9 with a maximum al- 
ternating current operating voltage of 28.7 and an inductive load of 12.8 volts 
(direct current) and 10.6 amperes (direct current). A 15-ampere direct current 
ammeter {A, Pigs. 1 and 2) is placed in this circuit to measure the current 
flowing through the field coils. A 7.7-ohm, 12-ampere rheostat (B;,, Pigs. 1 and 
2) is included in the circuit to make adjustments of the field current possible. 



Pig. 2. — Schematic wiring: diagram for the bicycle ergometer. P. Pilot light: Af, motor 
on chart drive of voltmeter; S\ and Sn, switches; tmnsformer primary’'; Ts, transformer 
secondary; Rs, rectifier; F, generator field; (?, generator armature; Rh. field rheostat; mau 
resistor ; A, ammeter ; Vr, recording voltmeter. 


Slight adjitstments of this rheostat are needed constantlj^ to meet the fluctua- 
tions of the voltage in the alternating ciUTcnt power lines. Larger adjustments 
can be made to vaiy the load. Since the braking action of the generator vanes 
directly with the flow of current through the field coils, this arrangement, which 
is common to all ergometers based upon the electrodynamie braking action of a 
generator, makes it possible to adjust the load to suit the muscular strength 
of the subject or to meet experimental requirements and to assure accurate dupli- 
cation of working conditions at all times. 

The terminal brushes of the generator armature are connected to the lea^ 
of a fixed resistor (Bj, Pigs. 1 and 2) which has a resistance of .2 ohms. This 
resistor consists of 140 cm. of 12-gauge constantan vure which has a resistint.i 
of 49 micro-ohm-centimeter. This alloj’’ has a temperature coefficient of re- 
sistivity of .00001 and therefore provides a constant resistance over the tempeia- 
tnre range under which it operates. A recording voltmeter {Vr, Figs. 1 and 2) 
is connected to the leads of the fixed resistor to measure the drop in potentia 
between the brush terminals of the amature. This voltage varies with the rate 
of pedaling and is therefore a reliable measure of the power output of the genera- 
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for. This particular insfrumcnt is a 12-v-olt Wcstiiighouse type 6X-40 switch- 
board recording direct euri'ent vollmelcr with a chart drive operated by a 115- 
volt, 60-cy<;lc synchronous motor-driven clock. The chart drive is adjustable 
for speeds between three-fourths of an inch per hour and three inches per 
niinutc. Change gears arc conveniently mounted in the chart mechanism and 
may bo changed at will The motor on the chart drive (M, Pig. 21 and a pilot 
light (F, Pigs. 1 and 2) arc operated directly from the 110-volt alternating 
ciuTcnt. 

Two switches control the operation of the complete apparatus, Sj (Pigs. 
1 and 2) is in the 110-volt altcmating ciUTcnt ])ower line and controls the entire 
setup. Si (Pigs, 1 and 2) is in the chart diivc circuit, making it possible to 
operate the machine without using the recording feature of the voltmeter. 

Care of ftiR Appaiatiix. — The efficiency and reUabUity of the ergometor 
depend upon the eare cxcrci.scd in maintaining the parts in good working 
order. All movable parts must be kept clean and well lubricated. The sliding 
contact on the rlioostat and the armature hrii.slies on tiic generator must bo 
kept free of dirt and corrosion to iircvcnt e.sce.ssive electrical resistance at these 
points. The recording voltmefci- must bo installed whore it will not be subjected 
to excessive vibration, dust, rooisturc, or variations in temperature. Those 
conditions are easily met, liut care must lie taken to avoid the aoonmulation of 
dust inside the mochani.sm. 

Under e.vperiracntal conditions wlicre information n.s to name of subject, 
date, time of day, etc., is to be written on the record, it becomes noeessaiy to. 
remove this outer ease finite frcfiiieiitl.v. To avoid this inconvenience and to 
forest, nil tlie possibility of c.\'cc.ssive accumulation of dust oti tlic moving parts 
of the voltmeter, an opening wa.s cut in tlic glass window wliich forms the front 
surface of the case and this otiening w.is filled witii a glass door wliich i.s 
easily opened. A small gla,ss window was also placed in the top of the case 
to pei-mit inspection of the capillary pen. These changes plus proper care 
have been profitable in the .saving of time and in increased efficiency of operation, 

Checking ihc Jpparatiis.—The bicycle crgomeler sliouid be cliccked fre- 
quently to guarantee efficiency of operation. A convenient method for deter- 
mining the accuracy of tlic recorded voltage is to ride the bicycle at a uniform 
rate, preferably 60 cycles of the pcd.als per minute. Tiiis rate may be estab- 
lished witli the aid of a metronome set to produce 120 clicks per minute. It 
is veoomroended that for pedaling at uniform rates 2 clicks per cycle be em- 
ployed so alternate clicks will coincide with aitciiiate leg movement.s. This 
recommendation is made since it was found that wiicn a single click per cycle 
wa,s used, the subject sliowed more fatigue in tlie leg wliich .applied force in 
unison with the clicks. 

When tins procedure is followed accurately, the work rate for 60 cycles 
per minute is 1,500 kg. meters per minute and the generated voltage is 4.4 
volts. A work rate of 40 cycles per minute is equivalent to 765 kg. meters per 
minnte and the generated voltage is 3.1 volts. Any uniform rate is satisfactory 
for checking purposes, but these rates arc recommended liccau.so they are the 
easiest to reproduce and they constitute moderate working conditions. 
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CALIBRATION TECHNIQUE 

Calibrating the bicycle ergometer is simply a problem of determining 
and separating the power losses at the speeds at w'hich the ergometer is to he 
used. The mechanical power input to the ergometer can be resolved into three 
general quantities: (1) the friction losses, (2) the electrical losses due to the 
resistance of the generator windings, and (3) the electrical pow'er delivered 
to the external load (resistor i?,. Fig. 2) of the generator. The power for the 
field circuit of the generator is supplied from a separate source and therefore 
need not be considered in this problem. Measurement of electrical power is 
a simple matter but usually direct determination of mechanical power is rather 
difficult. The mechanical losses are most conveniently calculated by running 
the generator as a motor. 

Measurement of Frictional Losses. — Tlie power input to the generator 
w'hen it is run as a motor consists of the electidcal losses due to the resistance 
of the armature wnndings and the mechanical powmr delivered to the shaft to 
overcome the friction of the bicycle. By running the machine, w'ith the gen- 
erator as a motor, at the various speeds at which it is to be operated, the total 
pow'er input at these speeds can be measured wdth an ammeter and a voltmeter 
by the following formula: 

Pow’er input = Amperes x volts 

The first step in determining the electrical losses in the motor is to block 
the motor so the armature cannot move and to obtain the armature resistance 
with an ammeter and a voltmeter by the following formula: 

, Volts 

Resistance = 

Ampei'es 

In lai'ger machines the resistance of the armature circuit is not constant 
but appears to drop off as the current increases. However, measurements over 
a wide range of currents show that this particular machine does not follow 
this rale but has practically constant resistance. The error involved by neg- 
lecting this phenomenon and using an average value of resistance is veiy slight. 
The next step is to compute the electrical losses in the motor for all the speeds 
at W'hich it is tested by the following formula: 

Pow'er loss= (amperes)" x resistance of the armature 

These losses arc subtracted from the total electrical power input at each 
speed to obtain the frictional or mechanical losses. 

Measurement of Electrical Losses Due to Resistance of the Armature f ind- 
ings. — The internal electrical losses of the generator functioning as a motor were 
computed in the previous step. However, the current produced by Ihe gen- 
erator, wiien used normallj', greatly exceeds the current required to operate 
it as a motor under the conditions described. For this reason it is necessai’j 
to recompute tliese values to determine the internal electrical losses under operat- 
ing conditions. The formula for obtaining these losses is the same as that used 
in the prerious step. 
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Measxirement of the Electrical Power Delivered to the External Load . — 
The power delivered to the external load is equivalent to the electrical power 
dissipated in the load resistor {Ej, Pig. 2). It may be computed by the formula 
given or from the following formula : 

Power = 

Load resistance 

If the load resistance is not loiown, it may be computed by following the pro- 
cedure employed in the case of the armature resistance. 



Elg. 3.— Curve for the conversion of recorded terminal voltage into work rate In kilogram 
meters per minute. 

Drawing the Calibration Curve.— Since the power input to the ergometer 
is equal to the sum of the mechanical losses, armature losses, and load resistor 
losses, these values are summed up and this quantity is the total power input 
to the generator system for the specified terminal voltage. By computing a num- 
ber of these quantities and plotting them against their respective voltages, a 
calibration curve may he drawn (see Fig. 3). 
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Power values computed in this manner will, of course, be in watts and if 
the curve is to be in terms of kilogi'am meters per minute, tlie power values 
must be multiplied by the conversion factor of 6.15. The figures presented in 
Table I are based upon the calibration curve showJ! in Pig. 3. They are used 
to convert terminal voltage to ■work rate or power in kilogram meters per 
minute for field currents between 2 and 4 amirores. 

Table I 


Work Rate Equivalents in Kilogram Meters Per Minute fob Generated Terminal 
V^OLTAGE (3 TO 4 Amperes Field Current) 


VOIiTS 

KG.Jt./iflN. 

VOLTS. 

KG.St./StlN. 

2.0 

340 

0.0 

2,700 

2.2 

400 

0.2 

2,940 

2.4 

470 

0.4 

3,130 

2.6 

550 

6.6 

.3,330 

2.8 

030 

6.S 

3,530 

3.0 

720 

7.0 

3,740 

3.2 

810 

7.2 

3,950 

3.4 

910 

7.4 

4,170 

«' 3.6 

1,020 

7.0 

4,400 

3.S 

1,130 

7.8 

4,030 

4.0 

1,250 

8.0 

4,870 

4.2 

1,370 

8.2 

5,120 

4.4 

1,500 

8.4 

5,370 

4.0 

1,040 

S.C 

5,030 

4.8 

1,780 

8.8 

5,890 

5.0 

1,930 

9.0 

0,100 

5.2 

2,080 

9.2 

0,440 

5.4 

2,240 

9.4 

0,720 

5.0 

2,410 

9.0 

7,000 

5,8 

2,580 

O.S 

7,290 


TECHNIQUE FOR MEASURING WORK KATE (pOWHEK) AND WORK OUTPUT 

The bicycle ergometer described in this paper is adaptable to many uses in 
research relating to the working efficiency of the liiiman body. INIost investiga- 
tions in this field of experimentation have been concerned with the physiologic 
effects of working at a constant rate for prolonged periods. The automatic 
recording feature of the apparatus makes it possible to determine constancy 
of work rate and total amount of work perfonned. Other studies have attempted 
to approximate the optimum rate and load for Avorking under various condititms. 
The ergometer provides an accurate method of measuring the work rate, ivork 
load, and total work output. 

Kecently, studies in the field of plij-sical fitness have employed the bicycle 
ergometer to measure work rate and total output during short periods of work- 
ing at maximum speeds. Since dynamic plij^sical fitness maj^ be defined as the 
capacity to do work, the ergometer provides reliable and valid criteria of tins 
type of physical Mness. The findings of tlieso studies are as yet inconclusive,^ 
hut they seem to indicate that in some eases maximum total work output for a 
period of about two minutes is in itself a valid criterion of dynamic phjflcal 
fitness. Other findings indicate that work output relative to body size and 
strenath is one of the most valid measures of dynamic physical fitness. 


ALTERNATING CGRHENT ELKCTRODYNAllIC BRAKE BICYCLE EBOOJIETER ISl 

The chief purpose of the bicycle evgometev in all these investigations has 
been to obtain a reliable estimate of the work rate aiul work output. The tech- 
nique for obtaining these measni'es from eontimioiis voltage recordijig.s as ob- 
tained from the bicycle crgonicter is described in the next paragraphs. 

Determining Ifori: Rate (Power).— A typical voltage ctiri’e obtained by 
pedaling the bicycle ergometev at top speed for two minutes is reproduced in 
Pig. 4. The tracing is a eontinnons recording of the generated voltage. The 
.small fluctuations coincide with vibrations in tbe apparatus and the uneven 
application of force to the pedals and may be disregarded. The larger fluctua- 
tions represent changes in work rate due to fatigue and alterations in effort on 
the part of the subject. 

Prom the record shown in Fig. 4 it is possible to obtain the generated 
voltage at any instant during the two-minute working period represented by this 
tracing. By refeiring to Table I, this instantaneous voltage can be converted 
to work rate or power in kilogram meters per minute. This measure, in itself, 
is interesting and of value in certain types of investigations, but its chief value 
lies in its use for determining work output for definite working periods. 

Determining IVort; Output . — The record shown in Fig. 4 also represents 
the fluclnations iu work rate for a workuig period of two minutes. To obtain 
the work output for all or any part of the two-minute period, if is necessary 
to redraw this curve so that the area under all parts of the curve will repi-esent 
the work done (see Fig. .fi). This is essential because the generated voltage is not 
a linear function of the power mjiut to the machine. 

To accomplish tliis, the following steps mu-sl lie Ctirried out ; Firet, obtain 
voltage readings at regularly spaced moments throughout the working period 
and by referring to Table I convert these voltage readings into work rates in 
kilogram meters per minute. Nc.xt, raplot the curve with work rate on the 
y-axis and time on the x-axis. The re,sult is a work curve, and the area under 
the curve, being the product of work rate and time, is proportional to the 
work output. Therefore, the final step is to measure the area under all or any 
part of the curve with the aid of a planimcter and to multiply tills area by the 
appropriate eonvei-sion factor. The resultant will be the work output for the 
period of time represented by tbe section of the work curve marked off. 

Since the eonversion factor mentioned in the previous paragraph is de- 
pendent upon the scales used in plotting tlic work curve, the following illustra- 
tion is presented to clarify the last-mentioned step: Let us assume that our 
rcplot is made upon eros.s-,section paper which is ruled off in millimeters and 
that 1 cm. on the vertical axis represents 100 kg. meters per minute work rate. 
Now if the liorizontal axis is laid off so that Wi cm. represents one minute of 
elapsed time, 10 sq. cm. of area under the curve will he ccpia! to 100 kg, meters 
of work and 1 sq. cm. will be equal to 10 kg. meters of work. The value 10 
then hecomes the conversion factor when the planimcter is adjusted to measure 
area in square eeutimeters. 

This method for mca.suring work output is recommended when a planimcter 
is available. However, this instrument is not always accessible .so that the 
following substitute metliod may prove more feasible: Proceed by marking off 
five-second intervals on the voltage tracing. Then obtain an average voltage 
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I'eading for each interval, and by referring to Table I convert these readings to 
U'oi'h rate values. The mean of these values will then represent the average 
work rate during the working period. The product of this average work rate 
and the elapsed time in minutes is a reiiable estimate of tlie work performed. 
While this approach is not as accui'ate the (irsi-mentioired method, especially 
when the voltage curve tluetuates markedly, the results do not, as a iiilc, de- 
viate by more than 2 per cent from pianiineter measurements. This is well 
within the expected eri-or for similar Tnea.suremGUt techniques. 

Using the ilrgoweicr for ihe Mrasurement of V^xysical Efficiency.— l^hx. 
bicyde ergometev lends itself well as a method of work in determining physical 
etheicucy by the oxygen consumption method. The most satisfactory work rate 
has been found to be 1.500 kg motel’s per minute for one mimtte. This means 
a pedal rate of 60 revolutions per minute coutrolled by having the subject 
work in rhythm with a metronome sot to produce 120 elides per minute. The 
limiting factor in tlie determination of physical cfSeieney by this method is the 
spirometer from which the oxygen is breathed. To jirovide enough oxygen for 
a greater work rate than 1,500 kg -meters per minute for one minute necessitates 
enlarging the outlet of the spirometer. This in turn results in a large dead air 
space and causes rcbrcath'mg of expired air. The respiration of the subject 
is so attected by this rebreathing that the e.xperiment cannot be caiTied to com- 
pletion successfully. 

The physicnl cffieioiioy of the average individual, tts measured by the oxygen 
consumption method using the bicycle ergometer as the method of work, luuj 
been found to vary between 20 to 25 per cent. 

SUMMARY 

The constniction, ealiliration, and use of an alternating current electro- 
dynamic brake bicycle ergometer are desevihod. In addition, techniques for 
measuring work output and maxlinum work rate are discussed, In.structions 
for the care and standardization of the machine are included. 
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A DEVICE FOR RECORDING THE RESPIRATION OF 
ANESTHETIZED LABORATORY ANIMAIjS 

Lieutenant Carl C, Peeiffer, MC-V(S), USNR., Bethesda, Md., and 
Vernon A. jMoore, Detroit, INLch. 

T he usual pneumograph for recording the respiration of laboratory animals 
requires a sensitive and airtight tambour and has the disadvantage that it 
may be dislodged from a fixed position on the chest. This device may also fail 
to record diaphragmatic breathing if, due to increased anesthesia, the intercostal 
muscles become paralyzed. The pleural cannula^^ has the disadvantage of pro- 
ducing some trauma to the pleura or lung, and if the tambour is not airtight, 
unsuspected pneimiothorax may result. Other respiratory recording devices 
tend to be complicated and cumbersome. 


OUTFLOW 


INFLOW 
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Fig, 1. — Modified tracheal cannula (two-tliirds actual size). 


Several yeare ago a suitable tracheal cannula modified for recording respira- 
tion was constiTicted using a two-way system of wedge-shaped flutter valves 
with a side arm connecting to a tambour. AVhen used in large dogs, howevei’, 
the valves did not allow for adequate respirator}'- exchange. With the advent of 
improved flutter valves, such as are now used in aviatoi-s’ oxygen masks fJI-l 
and A-10 valves ),t an accurate and efficient device can be easily constructed. 
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Due to the present shortage of metallic materials, the model pietiired in 
Fig. 1 is made almost entirely of glass. A more durable I'ecordov could be made 
of brass or plastic. The recorder produces a constant record of respiration with 



Pig. 2.~TypiCil recoKJJnc of I’fspiMtion ami pulmonary pulse (actual size). 


any of the usual laboratory tambours (Fig. 2) Inspiration is iccordcd by the 
dorrastroke and expiration by the upstroke. Since both valves arc dosed be- 
tween respiratory cycles, the pulmonary pulse usually is recorded. This may at 
times be adr’antageous. By means of a slip joint on the inflow flutter valve, the 
composition of the atmosiihorc supplied to the animal may bo varied at will. 



PHYSIOLOGICAL SALINE WITHOUT WEIGHINGS 


Georgine a. Moerke, Pit.D. 

N0RTHVIL.LE, Mich. 

T his time-saving and labor-saving method of preparation, well adapted to 
field rise, was developed to expedite filling of the hospital ’s large requirements 
for saline for lavages, rinsing of special surgical equipment, etc. Subsequent^ 
the saline so prepared was found entirely suitable for all laboratory and clinical 
uses as well, and the method has been emplo.ved with satisfaction for the past 
twelve years. 

The chemical principle made use of, peculiar to sodium chloride, is its 
slight solubility change with change of temperature. The solubility plotted 
against temperature yields a straight line,’ and over the extreme temperature 
range from 0 to 100° C. rises only from 35.7 to 39. S Gm. per 100 Gm. water.” 
For a 10° temperature interval (ordinary room temperature range) the over-all 
change in solubility is approximatelj'^ 1 per cent of the total, and the ultimate 
dilution of the finished saline is such that the actual weight of salt varies onl.v 
by 0.01 Gm. per 100 c.c. The several concentrations which have been recom- 
mended by various authorities as “noi'mal saline” (from 0.85 to 0.90 per cent) 
are much farther apart than this, differing in fact by more than 5 per cent, or 
0.05 Gm. per 100 c.c. 

A saturated solution of sodium chloride in distilled water, above a thick 
layer of excess salt, is maintained in a large stock bottle with salt or water added 
as needed. The saturated brine is filtered off from time to time into another 
stock bottle and the saline is prepared from this filtrate by dilution. 

Since 100 Gm. of water containing over 35 Gm. of sodium chloride no longer 
occupied 100 c.c., it was necessary to Avork out the new weight-volume relation- 
ships and determine by accurate gravimetric methods the salt content per unit 
of volume. The calculations ivere made for a physiological saline of 0.90 per 
cent concentration. 

Dilution of 2.60 c.c. of filtered saturated brine to 100 c.c. ivith distilled 
Avater produces a saline containing exactly 0.90 Gm. sodium chloride per 100 
c.c. In titration Avith sihmr nitrate, using chromate as indicator, 2.00 c.c. of 
this saline are equumlent to 10.91 c.c. of M/35.46 siHer nitrate. 

OAmr the temperature range from 0 to 47° C., or from 32 to 117° P., the 
total change in concentration of the finished saline still remains no greater than 
that betAveen 0.85 and 0.90 per cent saline. For nearly absolute constancy of 
concentration, the A'olume of biane used can be increased by 1 jier cent for each 
10° interval beloAv 18° C. and decreased bj’- 1 per cent for each 10° inteiwal above 
28° C. For all pi-actieal puiposes, such correction is unnecessary. 

Sterilization of saturated brine by autoclaving or boiling does not affect 
the concentration, as loss of Avater leaves the solution still saturated. On the 
other hand, the application of heat in preparing the brine from the dry salt is 
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of no particular benefit due to the special soliibility-teinperature relationship 
described. Agitation, to get the heavy layeis off tlie bottom, is the main 
necessity in obtaining saturation; a shaking machine may be used, but an occa- 
sional roll or sliake of the stock bottle by hand is effective. 

A further advantage in the use of saturated sodiiim chloride brine is the ease 
of making a saline from some other solution (nutrient or antiseptic) with only 
negligible dilution of the other component; sterile filtered brine, in the small 
volvune required, again 2.60 c.c. per 100 c e., can be added quickly with sterile 
technique. 
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MEDICAL ILLUSTRATION 


LIGHT SOXJECE FOR PLUOBESCENT M1CB03C0PY 

Daniel S. Stevexs, Ph.D. 

Chicago, III. 

A STEONG source of violet light is desirable in using the fluorescent method 
of detecting tubercle bacilli. Most I'ecent work seems to have been done 
with the 100-watt AH4 mercury lamp. However, Kloeck and Swean}'^ have 
obtained much better results with the 250-watt CH5 lamp. Both of these lamps 
ai’e made with a quartz light capsule sealed in a clear tubular bulb. The CH5 
lamp is considerably larger than the AH4, 

Another lamp which has several useful features is the 100-watt CH4 lamp.* 
In this lamp the quartz capsule is sealed in a bulb with an aluminum reflector, 
similar to a sealed beam headlight. The construction is such that a strong spot 
of light is obtained. In this arrangement the lamp supplies its own housing and 
efficient optical system. It is necessary only to support the lamp from a labora- 
tory stand and to supply current from the proper transformer. 

Some comparative tests have been made which should be helpful in using 
these lamps. A metal plate with a 0.5 mm. hole drilled through it was fitted 
into the mechanical stage of the microscope. A selenium photocell was fastened 
above this hole and connected to a microammeter. With this apparatus, the 
light intensity over a small area of the field could be determined. All I'eadings 
were made with a Corning No. 5113 violet filter fastened under the condenser. 

The distance between the CH4 lamp and the microscope mirror was varied 
and the photocell readings noted. Over a range of from 10 to 25 cm, the read- 
ings were almost constant. 

When using the CH4 lamp it will be noted that the pattern of the field 
as observed in the top of the condenser consists of a black center surrounded 
by a broad ring of light. The black center corresponds to the opaque end of 
the light capsule mounted in the bulb. The ling of light is not uniform in 
intensity, but an intense area can be brought into the field by adjustment of 
the microscope mirror. 

Similar tests were made with the AH4 lamp. By allowing this lamp to 
burn freety in the air it was found the intensity dropped rapidly as the lamp 
was moved away from the microscope. At 3 cm. from the microscope mirror 
the intensity was nearly equal to the CH4 lamp, whereas at 10 cm. the intensity 
was 25 per cent of this value. 

Pr. H. O'. Sweany, of the Chicago Municipal Tuberculosis Sanitarium, 
kindly made their CH5 lamp available for measurement. This lamp rvas 
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mounted in a housing wth a mirror in the rear and a condensing lens in 
front. The photocell gave readings nearly equal to that of the CH4 lamp. 

The use of an aluminized microscope mirror has been suggested to increase 
the illumination. A nontluoreseent liquid, such as ^vafcl■, placed between the 
condenser and slide also increases the illumination. However, the photoeell 
indicated that neither of these methods would cause a 10 per cent increase, 
Yisual tests indicated that the increased illumination was not especially notice- 
able. 



Jc'ig. 1.— Simplt* apparatus for fluoresceat microscopy. 


Tlie following notes are tlie result of experience obtained in tlie University 
of Chicago Clinics from tests of the finorescent method for detecting tubercle 
bacilli. 

An ordinaiT microscope can be readily converted into a fluorescent micro- 
scope, as shown in Pig. 1. The CH4 l.imp is suffieienfly intense for binociilar 
vision. A simple light shield, J, is required. Filter 2, made of Coming No. 
5113 violet giiiss, is mounted under the condenser. A Alter of Cornhig No- 
3486 yellow is supported under tlie eyepiece. Both filters are of “standard” 
thiclmess. 

The stained slides are readily scanned witii tlie low-power objective, and 
final identification of the tubercle bacillus is made witli the oil immersion 
lens. 

To avoid the use of oil, a 45 x N. A. .95 olijective was tested. The 
resolving power of this iens was inferior to the oil lens but might be considered 
satisfactory. It is important that such a lens not be corrected for cover slip 
thichness.° 
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A NOTE ON INFKARED PHOTOGRAPHY OP CUTANEOUS 
ARTERIAL “SPIDERS” AND HEREDITARY HEMORRHAGIC 

TELANGIECTASES 

William Bennett Bean, M.D.’*®' 

Cincinnati, Ohio 

T he infrared technique has been tised widely to give photographic accen- 
tuation to dark red or bluish stnictnres on or near the surface of human skin. 
Collateral venous channels not visible to the unaided eye have been demon- 
strated over the abdomen in cirrhotic patients with ascites; and tlie large net- 
works of veins over the breasts and anterior thoracic wall of pregnant women 
have been depicted in infrared photographs, whereas they do not appear in 
ordinary black-and-white pictures or appear but faintly. 

During a study of several hundred examples of the cutaneous arterial 
“spiders’”’ - it occurred to me that the opposite effect might be obtained, namely, 
infrared photographs might eliminate bright red structures which were re- 
corded in a satisfactory manner bj' means of ordinaiy photography. Such 
proved to be the ease. The arterial “spider” of the skin has a bright red color 
which depends on the abundant supply of arterial blood brought unusually near 
the surface of the skin in thin-walled vessels. In Pig. 1 black-and-wliile and 
infrared photogi'aphs of the same area of the forearm and antecubital region 
of a patient with advanced cirrhosis are compared. A number of “spiders,” 
some large and some small, stand out in clear detail in the black-and-white 
photograph. They do not appear, except for a faint ghost marking the site 
of the body of the spider, in the infrared photogi’aph. This photograpliic com- 
parison has been carried out several times with precisely the same results. 

Although the arterial nature of the vascular “spider” of the skin has been 
known for more than fifty years, and pulsation can be detected in the larger 
ones, this technique offers a diagnostic aid in establishing the nature of small, 
nonpulsatile, or atypical lesions. 

In Pig. 2, the lesions of hereditary* hemorrhagic telangiectasia (Osier’s dis- 
ease) are compared by the same technique. It is readily apparent that the same 
phenomenon occui’s when this type of lesion is photographed by the infrared 
method as ivhen the arterial “spider” is photographed in black and white, 
namely, it does not appear in the picture. This is of interest since the color 
of the smaller punctate lesion of Osier's disease is usually more of a red-blue 
or violaceous color than the arterial “.spider,” which is regularly a bright scar- 
let color, from the oxyhemoglobin. In both cases this method gives additional 
evidence that the vessels chiefly affected are on the arterial side of the capil- 
laries and carry arterial blood. It is possible to bring out the gradations in 
color and the contrasts between the “spider” and the hereditary telangiectases 
by the use of Kodachrome and other color films, but the exact reproduction of 
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colors is still difficult teclmically. For that reason, comparison of black-and- 
white and infrared photographs offers a simple method of establishing the 
arterial or venous nature of vascular lesions of the skin and mucous membranes. 

CONCLUSION 

The fact that the arterial “spider” of the skin does not appear in infra- 
red photographs suggests a use in .segregating it from venous telangiectases, 
though they null not serve to differentiate it from the telangiectasis of Osier’s 
disease. 

I am mclebted to Mr, Joseph B. Homan, Assistant Professor of tJedical Photograpliv, 
for taking the pictures. 
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BOOK REVIEWS 


A Textbook of Batbology. By Robert Allan Moore, EdwarJ Mallinckrodt 
Professor of Patbolojiv, 'Washington t'mversitr School of Medicine. W. B. 
Saunders, Philadelphia, Pa. Price $10.00. Cloth with 1,338 pages with 
513 illustrations, 34 in color 

This textbook of pathology, the latest to appear in the American literature, 
is well printed and illustrated and should take its place as one of ow foremost 
te.xts. The author has made it niox'e attractive than some te.xtbooks by including 
a considerable number of colored plates, as well as radiographs, photographs 
of patients, and reproductions of frontispieces from classical monographs, thus 
reflecting his wide o.xpericncc both in the Icaelnng and study of pathology in 
this country and abroad. As a result the book lacks some of the provincialities 
too frequently manifested in certain textbooks The arrangement of the hook 
includes both general and special pathology, and the emphasis throughout is 
predominantly on etiology. In association with tlic diseus-sion of the various 
pathologic entities there is usually a clinieopathologic correlation. The author 
has also assembled at the end of each chapter a selected list of references, most 
of which arc relatively recent. Students using these, tlicreforo, can do so with 
the assurance that they are studying pathology as a developing science, TUrongh- 
out the book the author demonstrates his purpose of keeping abreast of the 
current literature and of describing pathologic changes not only in their rela- 
tionships to morphology, but also to biochemistry, physiology’, bacteriology, and 
clinical medicine. As with every textbook, the discussions have been necessarily 
restricted, but the author has shown good, discrimination in his selection of 
material. The book may be recommended as a reliable and well-planned tc-xt- 
book with the particular merit of cinpliasixing dynamic aspects of pathology. 

P. K. C. 

Familial Susceptibility to Tuberculosis; Its Importance as a Public Health 
Problem, By Ruth Rice Pilfer, Dr.P.H., Tennessee Department of Public 
Health. Harvard 'Dniversity Press, Parabridge, Jlass., 1944. Price $2,00. 
Cloth with 106 pages. 

Isolation of the diseased patient— the prevention of contact— ha.s been the 
principal method used in public health programs for the control of tnbereulosis. 
But, as Dr. Puffer states in her introduction; “Altliougli isolation reduces the 
opportunities of exposure of the population, this measure lias not been suffi- 
cient to prevent the majority of the population in many scctioiiK of the counity 
from becoming infected before reacliing adult life. Since we cannot prevent 
all contaet with tuborele bacilli, we need to go deeper into the problem to under- 
stand the conditions under which infection results in disease.” She attempts 
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to do this in part by analyzing the importance of familial susceptibility to tuber- 
culosis and suggesting how this information may Ire used in an attempt to 
make the tuber-culosis control program more effective. 

The literature is reviewed and new data from the Williamson County 
(Tennessee) Tuberculosis Study are presented. Her analysis of data for sib- 
lings, consorts, parents, and children of tuberculous patients suggests that 
hereditary or familial susceptibility is a determinant in the development of the 
disease. The families of consorts were studied as one of the control groups, 
Dr. Puffer emphasizes that the development of tuberculosis must be studied 
as a manifestation of a patient’s total life experience. If the attack rate is 
studied in children of tubercrrlous patients, for instance, it is not enough to 
terminate the study when the child leaves his parents’ home to establish one of 
his own. She points out that '‘Avhile children of a sputum-positive parent 
developed tuberculosis very frequently in childhood, children of a parent with 
tuberculosis other than sputum-positive developed the disease frequently in 
adult life. By 50 years of age approximately the same propoi’tion of both 
groups of children had developed tuberculosis.” 

The data available for this studj' indicate that the incidence of tuberculosis 
is as gi-eat among susceptible families as it was before tlic turn of the century. 
Dr. Puffer suggests that since the tuberculosis death rates of female children 
of tuberculous parents are particularly high, these families tend to die out. 
The decline in tuberculous death rates, therefore, may be due in large part to 
the reduction of susceptible families in the population. 

In most existing public health px’Ogyams, onlj- the household associates of 
a patient who develops tuberculosis are examined and followed. The studies 
summarized in this monogTaph indicate that these programs should be aug- 
mented so that “siblings, parents, and children of persons known to have 
tuberculosis or to have had the disease in the past be examined and followed 
irrespective of their present household.” 

Dr. Puffer presents her argument in a simple and convincing manner. Her 
book .should prove as stimulating and helpful to the clinician as to the public 
health physician. It is a worthy companion to the other Harvard University 
monogi’aphs in medicine and public health. 

C. V. M. 

The Avitaminoses: The Chemical, Clinical and Pathological Aspects of the 
Vitamin Deficiency Diseases. By ^Yaltcr II. Eddy, Ph.D., Emeritus 
Professor of Physiological Chemistry, Teachers College, Columbia Uu’- 
vei-sity; and Gilbert Didldorf, Pathologist of the Grasslands and 

Northern Westchester Hospitals, Westchester County, N. Y. Third Edition. 
The Williams & Wilkins Company, Baltimore, 1944. Price $4.50. Cloth 
with 438 pages. 

Medical Uses of Soap. Edited by Morris Fishhem, M.D., J. B. Lippincott, 
Philadelphia. Price $3.00. Cloth with 182 pages, 41 illustrations. 



THE RELATION OF PERIARTERITIS NODOSA TO BRONCHIAL 
ASTHJIA AND OTHER FORMS OP HTOIAN 
HYPERSEXSITn'ENESS* 

Kkith S, IV ILSON, M.D., AXD Harry L. Alrxaxdkr, M.D. 

St. Loits, Mo. 

T he first case of periarteritis noRosa Avas ile.seribecl by Kussmaiil anti Maier' 
in 1866. This condition was recognized so infrequently that fifty-seven 
years later (1923) a review of the literature revealed some seventy references 
to the disease.^ By 1935, 200 eases were assembled,' 1936, 215 cases,'* 1939, 
245 cases,** and through 1940. 350 ea.se.s." In view of the earlier apparent rarity 
of reported instances, it is remarkable that .some 200 authenticated cases were 
de.scribed from early 1940 through 1943. As a matter of fact, the disea.se i.s 
coming to be recognized so readily that single ease reports now occur largely 
in state journals aud other les.s prominent periodicals, whereas various author.s 
have recently reported serie.s of ease.s as many ii.s fourteen in one man’s 
experience.' 

There have been many theories coiieeriiiiig etiology. That of hyperseii- 
si1ivciies.s was suggested by liruber,' «ho in 1925 induced typical arterial 
lesions exjiei'imentally in sensitized aiiimaK Klinge,” Masiigi and Isabasi,*'* 
Rich and Gregory," Selye and Peiitz." ami others likewise succeeded in pro- 
voking periarteritis in various specic.s of animals who had been fii-st sensitized 
and then reinjected. Numerous antigens such as liactcria, horse serum, and 
tissue extracts tvere used. 

In man, the lesions of periarteritis nodosa have hecn found at autopsy or 
on biopsy from patients whose prc.senting symptoims u-ere those of various 
forms of allergy. Although this fact hail been noted many times, the role of 
human hypersensitivene.ss ha.s been treated broadly and no apparent attempt 
has been recorded to relate periarteritis to the several specific types of hyper- 
sensitit'encss. The.se include atopy, atopie-like disorders {intrinsic allergy), 
drug- allergy, serum sickness, hactcri.al allergy', and contact deimatitis. Al- 
though there is dispute as to whether or not some of these are expressions of 
one underlying process, it matters little to the purpose of this presentation. 

Atopy and Atopic-W;e Disorders (Intrinsic Allergy). — Atopic-like disorders, 
Avliich include bronchia! asthma, chronic urticaria, and chronic A'asomotor rhi- 
nitis, may be clinically identical to those of atopy. The particular difference 
is that atopy is mediated by a definite immunologic proec.ss with distinctive 
antibodies and antigens such as foods and pollens that are extrinsic to the 
body. In nonatopie or atopic-like disorders there is iio identifiable inimiinoiogic 
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mechanism, and the underlying process presumably originates intrinsically. 
This difference is stressed for the reason that most cases of asthma identified 
with periarteritis nodosa belong to the latter group. 

An analj^sis by the authors of 300 consecutive cases of periarteritis nodosa, 
beginning with the first ease of bronchial asthma reported some thirty years 
ago, revealed many instances of associated atoiry and atopic-like disorders. 
Particular attention Avas paid to bronchial asthma of Avhich there rvere fifty- 
four cases, an incidence of 18 per cent. Tliis is a eonsiderablj’- higher inci- 
dence than that found Iry Eackemann and Greene^ who revierved the literature 
up to 1939. Of 229 references, thej’^ discovered nineteen cases of asthma to 
which Eackemann added eight more, giA'ing a total incidence of 12 per cent. 
It is of interest that during the four jmars folloAA'ing their report Ave found 
tAventy-seven more eases, or exaet]3'^ the same number that had appeared dur- 
ing the period of sixtj^-eight jmars embraced bj' Eackemann and Greene. Pnr- 
thermore, Ave found manj- tj^pical case reports Avherein asthma and periarteritis 
Avere associated but not confirmed bj' autopsj^ or biopsy. Were these included, 
the incidence of bronchial asthma AA'ith periarteritis nodosa Avould exceed 20 
per cent of the reported eases. Many instances of urticaria, vasomotor rhi- 
nitis, and other expressions of atopj’^ AA'ere encountered. If they were included 
Avith asthma, the incidence of atopy^ and atopic-like disorders accompanjnng 
periarteritis nodosa Avould be Avell OA'er 25 per cent. 

Anal 3 ’’sis of case reports I'eveals that in almost every instance asthma ante- 
dated periarteritis; in a feAv eases, by manj' jmar.s, but in the great majority, 
bj’ but a feAv jmars, and sometimes by onh’- a month or tAvo. In three cases 
sjmiptoms of asthma folloAved the onset of periarteritis, but AA-hether or not 
these Avere the first attacks of asthma was not stated. In Table I is recorded 
the ages of patients at the time of onset of periarteritis nodosa. Inasmuch as 
asthma Avas then of comparativelj' short duration in most instances, the age 
AA’hen bronchial asthma first appeared is also roughh' recorded in Table I since 
onlj^ decades are stated. It is of interest that the onset occurred before the 
age of 21 in but 11 per cent, Avhercas .some 70 per cent of all cases of asthma 
begin in the first tAvo decades. 


t.able I 

Age (in Decades) of Patients With Periarteritis Nodosa AA’ith and AA’ithout 

Bronchial Asthma 



ASTHMATIC GROUP 

nonasthaiatio group 

DECADE 

NUMBER 

OF CASES* 

PER CENT 

OP CASES 

NUMBER 

OF CASES t 

per cent 
of cases 

First 

o 

4.3 

26 

11.6 

Second 

3 

6.4 

24 

10.7 

Third 

10 

21.3 

40 

17.7 

Fourth 

16 

34.0 

55 

24.4 

Fifth 

6 

12.8 

38 

10.0 

.Sixth 

S 

17.0 

23 

10.2 

ScA-enth 

2 

4.3 

10 

7.1 

Eifchth 

0 


3 

3.3 _ 

AA-erage age 

35.4 years 


35.7 

years — 


♦In seven cases age not stated, 
tin twenty-one cases age not stated. 
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The asthmatic paroxysms were usually severe and rarely were extrinsic 
allergens as foods and pollens identified as definite etiologic agents. These two 
facts, coupled with the later age of onset and the hypereosinophilia, identify 
most of the reported cases as nonatopic or intrinsic asthma. 

Perhaps the most remarkable feature of the cases of asthma associated 
with periarteritis nodosa was the marked hypereosinophilia in the blood (of 
most). Values exceeding 80 per cent of the total white blood count have been 
recorded. Of the fifty-four patients with asthma, forty-four had a blood 
eosinophilia of over 11 per cent, and the niajoritj' were far above this value. 


Totai. Leucocyte Count and Percentage or Eosinophiles in Cases or Periakteritis 
Nodos.i and JiRONcnrAf, Asthsia 


CASE 

AUTHOR 

MAXIMUM 

WHITE 

BI.OOD COUNT 

MAXIMUM 
RERCENTAGE OE 
EOSINORIIILER 

1 

Lamb (19l4)i‘ 

20,990 

51 

2 

Laux ( 1925 )^* 

12,600 

12 

3 

Curtis and Coffov (1934)’'' 

19,900 

37 

4 

Gnll (1934)16 

20,000 

30 

5 

Taylor and Farley (1934)ii 

25,700 

72 

G 

Middleton and McCarter (1935) i 

33,950 

72 

7 

Bahrmann (1935) i® 

15,000 

60 

8 

Cohen, Kline, and Young (1936)1'' 

30 

9 

Motley (193G)* 

32,000 

67 

10 

Leishinan (1937)86 

11,000 

55 

11 

Baehr and Klemperer (1937)8i 

* 

** 

12 

Strong (1938)22 

32,000 

70 

' 13 

Fitz, Parks, and Branch (1939)8‘ 

15,000 

50 

14 

Cabot Case Report (1939) 2« 

18,000 

43 

15 

Wier (1939)25 

45,000 

50 

16 

Rackemann and Greene (1939)5 

18,000 

43 

17 

Rackemann and Greene (1939)5 

18,000 

47 

18 

Rackemann and Greene (1939)5 

26,000 

50 

19 

Rackemann and Greene (1939)5 

17,000 

55 

20 

Rackemann and Greene (1939)5 

26,000 

70 

21 

Rackemann and Greene (1939)5 

50,000 

80 

22 

Rackemann and Greene (1939)® 

16,000 

37 

23 

Rackemann and Greene (1939)* 

37,000 

70 

24 

Dawson (1939)26 

18,000 

84 

25 

TrassoiT and Scarf (1940)27 

11 

2G 

Lebonich and Hunt ( 1940)28 

38,200 

08 

27 

Cabot Case 26 (1940)29 

18,900 

47 

28 

Grant (1940)6 

21,000 

57 

29 

Coe, Reismann, and DeHotf (iy4i)-n' 

14,600 

40 

30 

Felsen (1941) 3i 

32,000 

SO 

31 

Tissell (1941)32 



32 

Harkavy (1941)33 

18,009 

40 

33 

Harka-O’ (1941)33 



34 

Jones (1942)^ 

14,500 


35 

Jones (1942)2 


36 

Lund (1942)34 

24,550 


37 

Baker (1942)35 


38 

Harkav)' (1943)36 



39 

Harkavy (1943)3® 

•0,000 


40 

Harkavy (1943)3® 



41 

Harka \7 (1943)36 



42 

Harkaiy (1943)36 



43 

44 

Harkavy (1943)36 

Harkav}’ (1943)3® 

* 

• 


Average 

Controls 

(Cases ^Yit]l 0 ^lt asthma) 


•No blood count<! recorded but hj'I’ercosinophllla stated to be present. 
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0£ tJie ten patients with asthma Avithout eosinophilia,^’ no differential 
blood counts ivere recorded in scA^eii, and increased eosinophiles may well have 
been present. In each of the remaining three instances only one count was 
reported with values of 6 per cent, 4 per cent, and 4 per cent of eosinopliile.s, 
respectively. Haining and KinibalP" recommended repeated differential connt.s 
lest hypereosinophilia he missed. In a case of periarteritis nodosa and asthma 
reported by LeboAvich and Hunt”® thei-e waa no abnormal rise in eo.sinophilc.s 
until the disease Avas Avell advanced, Avhen they appeared in large numbers. 
Of the 151 patients Avith periarteritis nodosa Avithout asthma in Avhich differ- 
ential counts Avere recorded, but nine instances of hypereosinophilia appeared 
(Table III). This gives an incidence of 6 per cent in distinction to 94 per cent 
of the forty-seven cases Avith associated asthma. 

Tabi.e III 


Cases of Periarteritis Nodosa and llYPEREOsiNorniLtA AVitiioet Asthma 


CASK 

ATTTirOR 

TOTAL avhite 

PKn CKKT OF 

remarks 



BKOOD COUNT 

EOSINOPHILES 


1 

Wohhvj'Il (1923)30 

‘ 'Normal” 

16 

Two other blood counts— 

2 

Haining and Kimball (1936)37 

16,500 

33 

normal values for eosin- 


opMles; very inadequate 
Ivistory; examination of 
lungs not recorded 


3 

Cabot Case Beport ( 1936 ) 3S 

35,000 

35 

Cough for years 

4 

Sandler (1938) w 

21,000 

55 

Sniffles and nasal mueoia 

0 

Wegener (1939) 

2,200 

20 

discharge 

6 

Neumann (1940) ‘>3 


68 

Very brief report, exami- 
nation of lungs not re- 
corded; urticaria 

Nasal polyps and iaie| 
in lungs, but nature of 
these not mentioned 

7 

Grant (1940)e 

35,000 

55 

.s 

PaA-nc (1941)13 

17,050 

IT 


9 

Jones (1942)7 

18,000 

28 




Hypereosinophilia of over 15 per cent in adults Avith uncomplicated bron- 
chial asthma is unusual. Consequently, the association of bronchial asthma 
and a marked hypereosinophilia should lead to a strong su.spicion of an under- 
lying periarteritis nodosa. 

Allergy . — The production of periarteritis nodosa by drugs is, as yet, 
supported by little data. Rich and Gregoiy^'' obseiwcd a series of patients with 
pneumonia who received relatively large amounts of therapeutic serum togcthei 
Avith sulfonamide drugs. At autopsy, typical lesions of periarteritis nodosa Asmrc 
found. The participation of the underlying infection Avas excluded ly repro- 
ducing similar lesions in rabbits by injections of horse serum and sodium 
sulfadiazine. Although the experiment Avas successful Avith the administration 
of horse serum alone, Rich and Gregoiy encountered one patient ivlio manifest ec 
typioul arterial lesion.s after he had I’eceived sulfonamide AA-ithout scrum. lu this 
case, tissue remoA'ed by biopsy at five months and one week before the sulfonam- 
ide reaction shoAved no periarteritis, AA'hereas tissue study reimaled typical Avidc- 
spread lesions nine days folloAving the drug reaction. It is difficult to ascribe 
such a train of events to anything but drug allergy. 

The question as to AA-hether periarteritis caused by a sulfonamide drug is 
due to a h3'pcrergic reaction or to a direct toxic effect Avill not he discussec 
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liere, since it introduces the general problem of the pathogenesis of such drug 
reactions. However, t)ie work of Hageman and Blake** and others** indicate 
that hypersensitiveness is the underlying meehanism. 

Scnwi Sickness . — In 1937 Ea.son and Carpenter** found the lesions of peri- 
artei'itis nodosa at autopsy of a patient who had liad acute rheumatic fever 
treated with antistreptocoecal serum. These authors believed that tlie vascu- 
lar lesions were due proliaidy to the rheumatie process rather than to the 
seriiiu. In the same year Clark and Kaplan** reported two patients who de- 
veloped serum sickness following the administration of large amounts of serum. 
Tliey, too, presented periarteritis nodosa at post-mortem examination. Not 
onl}^ were there necrotisiiig arteritis and periarteritis of the smaller coronary 
arteries, but proliferation of histiocytes in the mural and valvular endocar- 
dium. The following year Clark reported another ease, one of acute poliomy- 
elitis, in which a single dose of eoneentrated hoi-se serum had been given both 
intraspinally and intramuscularly. 

It was Eieli and Oregory,” however, who demonstrated both clinically and 
experimentally that typical, extensive periarteritis nodosa may be produced by 
injections of foreign serum. They succeeded in causing the lesion to appear in 
rabbits following a single large injection of horse serum. In such instances, free 
antigen remained in the blood stream after specific antibodies had developed. 

Kieh and Gregory’s obseiwations are surprising in tliat after forty years of 
serum therapy, they were the first to identify, definitely, periarteritis as a conse- 
(luenco of serum treatment. There doubtless have been thousands of autopsies on 
patients who had received therapeutic sera and died soon thereafter, and yet the 
lesions of periarteritis nodosa, which are too obvious to escape detection, were 
described first in 1937. Eich and Gregorv’s series of cases is, therefore, remark- 
able. Two possibilities coneeniing the production of periarteritis in these cases 
present themselves. One involves the question as to whether sulfonamide drugs 
enhanced the action of serum on vascular tissues. Eich and Gregory commented 
on this possibility but believed it improbable because they were able to produce 
typical lesions in rabbits with scrum alone just as readily os when the drug was 
used in addition. The second possibility concerns the large amounts of senim 
that were given both clinically and in experimental animals, a fact which the 
authors also recognized, and they pointed out that Clark and Kaplan’s two re- 
ported patients likewise were given scimm in large quantities. Although both 
prccipitins and “serum sickness antibody” are usually present in the blood, at- 
tempts to correlate immune reactions with the extent of periarteritis present 
were not made in anj' of the cases studied. 

Bacterial AEer!;,i/.— Bacterial allergy is exemplified by such lesions as the 
tuberculin skin reaction, rheumatic fever, and the * id ’ of various fungus 
infections. The term infectious asthma is often used on the assumption that 
asthma in the presence of respii'atory tract infection is, likewise, due to bac- 
terial hj'persensitiveness, although proof of this theory is lacking. Certainly 
the mechanism involved in such cases of asthma is obscure and is different 
from those due to atopy wherein an antigen-antibody reaction is demonstrable. 
Gf importance insofar os periarteritis nodosa is concerned is the consideration 
as to whether the lesions of acute rheumatic fever are a hyperergic response 
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to the product of streptococcal growth or to other antigens. Swift and his 
associates'- assembled evidence to support this theory and it has gained ivide 
acceptance. 

Rheumatic fever and periarteritis are linked together by three facts. One 
concerns the frequency with which both clinical symptoms of rheumatic fever 
and typical Aschoff bodies have been found with periarteritis nodosa. Klinge," 
Friedberg and Gross,” Spiegel, and others have noted this association. The 
second fact is that in instances of sevei’e rheumatic fever with involvement of 
the blood vessels, rheumatic arteritis is at times indistinguishable from peri- 
arteritis nodosa. In each there may be fibrinoid degenei-ation, palisading, and 
necrosis of the intima and signs of intense perivascular inflammation. One 
possible distinction has been commented upon namely, that with nonbaeterial 
allergens, eosinophiles am numerous, whereas in rheumatic arteritis they are 
not, but the necrosing tissue- is eosinophilic. This point needs elaboration al- 
though Rich found eosinophiles in his experimental animals. Finally, lesions 
of both rheumatic fever and periarteritis have been produced experimentally 
by injections of foreign serum into rabbits. Klinge' observed arteritis which 
he believed resembled that of rheumatic fever as ivell as a vascular lesion 
.simulating periarteritis after repeated injections of horse serum. IMetz” in- 
duced periarteritis nodosa by injection of cattle serum and recognized rheu- 
matic lesions in some of his animals. Rich recently discovered typical Aschoff 
liodies in rabbits injected with a large amount of horse serum. 

These experiments wherein the typical Aschoff bodies of rheumatic fever 
haim been produced through the process of sensitization with nonbaeterial 
antigens have important implications. They strongly support the theoiy that 
the lesions of rheumatic fever express a hyperergic reaction and they may 
reveal the mechanism, as yet unknown, of bacterial hypersensitiveness. 

Although, clinically, periarteritis nodosa itself presents signs of infection 
such as fever, acute arthritis, and usually a marked leueocytosis, no specific 
infectious agent has been identified with it. 

Contact Dermatitis . — We encountered no case of contact dermatitis with 
periarteritis nodosa. This is not surprising since the eczematous lesion of 
contact dermatitis is confined largely to the skin epithelium where the only 
blood vessels present are capillaries. 

DISCUSSION 

In previous reports dealing with hypersensitiveness and periarteritis nodosa, 
no consideration has been given to the identification of the particular tjqies of 
allergy involved. Rich implied certain forms by stating that the arterial 
lesions resembled “hives of the blood vessels.” Such a lesion (whealing) 
occurs in atopy and atopic-like disorders, serum sickness, and, occasionally, 
in drug reactions. It is by no means typical of bacterial allergy. 

Previous to this investigation no apparent faetor common to all forms of 
human hjpersensitiveness had been apparent. It is of interest that periartentis 
nodosa appears to be the only evident manifestation which links all types o 
human hypersensitiveness together with the exception of contact dermatitis. 
This fact points again to the role of the blood vessels in hypersensitive states. 
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Eoessle=® demonstrated that the vasculature is profoundly affected in seU' 
sitized animals. A drop of horse serum applied to the mesentery of a frog 
pre\nously injected with that antigen showed pronounced capillary changes. 
Abell and Schenck®' demonstrated marked contraction of the arteries of the 
ears of sensitized rabbits when they were reinjected with homologous antigen. 
In wheals, the common lesion of many allergic disovdei’s, there is marked 
dilation and increased permeability of the capillaries. 

These observations may be linked to the circumstances under which peri- 
arteritis nodosa, a rare complication, follows asthma. One possible clue resides 
in the fact that in the serie.s of cases in this report, asthmatic paroxysms were 
usually of marked intensity. One characteristic of all forms of hypersensitive- 
ness with the exception of some bacterial types is their reversibility. After 
seizures of asthma or hay fever, for instance, at least in the early stages, the 
tissues involved appear entirely normal after the attacks cease. This is par- 
ticularly true of urticaria. No matter how extensive whealing may be or how 
often repeated, there is complete reversibility to normal skin. 

It would appear that possibly the intensity of the asthmatic attacks, or 
rather the intensity of the underlying mechanism that causes them, may lead 
to irreversible reactions in the arteries. This possibility is suggested by a 
similar circumstance that occurs in rheumatic fever. It is believed that the 
vasculature participates generally in each acute attack. The process is re- 
versible except after intense attacks occur repeatedly when permanent rheu- 
matic arteritis may occur. As this lesion progresses it may closely resemble 
periarteritis nodosa. 

This transition from hypersensitive revei’sible reactions to nonrcversiblc 
ones is typified by the Arthus phenomenon. A rabbit injected repeatedly with 
horse serum and tested intradermally with this antigen will at first develop 
a typical wheal which disappears completely. On subsequent intradermal in- 
jection a large wheal appears which subsides more slowly. Further testing 
induces greater whealing, then cellular induration, and finally the process is 
no longer reversible and tissue ncei'osis occurs. At this stage, necrosis of 
arteriolar wells appears, as pointed out by Gcrlach.'^® The similarity of al- 
lergic processes that lose their reversibility to the Arthus phenomenon has 
been noted repeatedly.”’ °° 

The identification of most cases of periarteritis nodosa with nonatopic or 
intrinsic asthma is interesting in one respect. The underlying mechanism of 
this type of asthma is as yet unknown. One prevailing theory is that large 
amounts of histamine (or H-suhstance) is released by the tissues, and this sub- 
stance causes the local lesions. The same mechanism presumably operates in 
atopy when antigen comes in contact with specific antibody, but as a rule the 
symptoms of atopic asthma are less intense than in the nonatopic type. That 
histamine released in excessive amounts may likewise he responsible for the 
lesions of periarteritis nodosa is suggested by the experiments of Bahrmaun,'® 
who produced typical arterial changes in rabbits by repeated large injections 
of histamine. 

The relationship between periarteritis nodosa and hypersensitiveness has 
attracted tlie attention of numerous investigators, e.spccially in the past few 
years. Most of these studies have been approached from a patliologie view- 



202 


WILSON AND ALEXANDER 


point without regard to specific tj'pes of hypersensitiveness. This presentation 
has utilized such material in an attempted coiTelation with clinical allergy. 
Much work remains to be done to make this association complete. 

»- 

SUMMARY 

1. In 300 consecutive cases of periarteritis nodosa bronchial asthma was 
identified in fifty-four, or IS per cent. 

2. When differential blood counts were available, all but three of forty-seven 
cases of asthma (94: per cent) showed a hypereosinophilia ranging from 11 to 84 
per cent, with an average of 53.5 per cent. This is in marked contrast to 151 
cases without asthma in which there were but nine instances of hj'pereosino- 
philia (6 per cent) and the average eosinophile count was 2.5 per cent. 

3. The association of periarteritis nodosa to the various forms of human 
hypersensitiveness is discussed. 
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of the “blocking test” as outlined by 'Wiener.'* For this test, 2 per cent suspen- 
sions of Eh^ and Eh„ cells are emplo 3 ''ed. Two drops of the unloiown serum 
are added to two drops of the suspensions. One drop of a standard (titer 4 
to 8) anti-Rho serum, loiown to produce 4 plus agglutination of the, test cells, is 
then added to the mixture. Incubation, centrifugation, and search for agglu- 
tination are subseciuently carried out as in the ease of the anti-Rh tests. 

The following case report will serve to illustrate the sort of test tube 
results frequently obtained by these methods in the severer forms of erythro- 
blastosis fetalis: 

Patient 2 was a Group A, Eh-negative woman married to a Group 0, Eh-positive, Iiomo- 
zygous man. Her first child, born in 193d, was normal. The second pregnancy (1936) 
resulted in the stillbirth two weeks before term of an infant with intense icterus and 
moderate edema. The third pregnancy (1937) also resulted in the stillbirth, four weeks 
before term, of a baby with icterus and severe edema. In 1940, the patient again delivered 
a stillborn with severe edema four to six weeks before term. And in 1942, in the seventh 
month of pregnancy, she once more delivered a stillborn with most extensive hydrops fetalis. 
Tills woman’s serum tested repeatedly from 1940 to 1942 was never shown to contain more 
than traces of anti-Eh agglutinins bj’ ordinaiy methods. The incubation test at the present 
time shows only traces of agglutinins. 

This Rh-uegative woman, married to an Rh-positive man, iiad a normal 
first-boni child. Pour succeeding pregnancies resulted in infants with severe 
hemolytic anemia of the newborn with intense icterus and increasing and earlier 
fetal hydrops. Certainly her serum might have been expected to contain power- 
ful anti-Rh agglutinins, since succeeding pregnancies resulted in greater and 
earlier damage to each infant. Yet repeated attemiits to demonstrate anti-Rb 
agglutinins in the test tube never showed more than trace reactions and often 
Avere unsuccessful. Obviously in this patient and in many othere with a similar 
history, this method of detecting these abnormal agglutinins failed. 

Additional cause for dissatisfaction ivith the jiresent method of testing is 
found in our previously reported observations^ upon a serum pool in Avhich, by 
the incubation method, anti-Rh agglutinins ivere not demonstrable. In this 
experiment, a measured amount of this “inaeth’e” serum Avas gh’en intra- 
venously to an Rhii’h individual. Tests of the patient’s blood after injection 
shoAved some of the red cells to be bound by inliibitor substance and therefore 
unagglutinable in the test tube by any other Eho serum. At the same time the 
patient’s serum shoAved the presence of free anti-Eho agglutinins. In other 
AA'ords, the serum previously regarded as inactive Avas separated in the patient s 
blood stream into an inhibitor substance Avhich attached itself to the red cells and 
an agglutinin AA’hich at this time Avas free in the serum. In A'itro absoi’ption 
experiments corroborated this in A'hm finding; When the subject’s initial cells 
were added to the inactive serum in a ratio of 1 or more parts of serum to 1 


Table I 


Effect of Adding Pooled “Inactia'e” Serum to Eh,r]i Celi.s 


Part of Serum 
Part of Blood 
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part of blood, there was no agglutination, but when an increasing concentration 
of red cells was tested, agglutination became more and more apparent. AVitli 
a ratio of 1 part serum to 6 parts blood, agglutination was 4- plus. Beyond 
this concentration of red cells, hemolysis occurred. This result is illustrated 
in Table L 

These observations led to the examination of scvei’al anti-Rli' sera which 
we had found to he like tiiose described b}' Race;® that is, capable of inhibiting 
the action of anti-Rli^ sera on Rlij cells but incapable of producing agglutina- 
tion when added in excess to a 2 per cent suspension of such cells. In this ease, 
at incubator temperatures (37° C.) no demonstrable agglutination occurred, 






.fr 


of Bh-posltlve ceils Is demonstrable In the ftnal as~ 
^ «eeli>tInatIon ; L 4 plus 


aeelutinatl'on. 
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even after several hours, but at room (20° C.) and at refrigerator (4° C.) 
temperatures, agglutination and, eventually, hemolysis took place. Subsequent 
incubation did not break up tlie agglutinates, thus supporting the assumption 
that Rh, and not “cold,” agglutinins were re.sponsil)le for the reaction. 

The question immediately presented itself as to whether inactive sera from 
mothers of erythroblastotic infants would not behave in the same way, and 
upon investigation this was found to be the case. That is, sera from sensitized 
women in which no anti-Rh agglutinins could be demonstrated by the ordinaiy 



'Fie. 2 . — Illuminated box with ground-glass top for rocking slides and vlcwine afffflutlna- 
tion. Air vents on both sides dissipate some of the heat from a 40-watt bulb and keep ua 
ground-glass surface at about 37® C. 

method, were capable of agglutinating and even of hemolj^zing Rh-positivc 
cells when such cells were added in excess. Sera from Patients 1 and 2, pre- 
viously described, provided two of our test cases. 

The conclusion seemed justified, therefore, that certain sera contained agglu- 
tinins masked by an inhibitor substance^ and that the interference of this sub- 
stance with the demonstration of agglutination was favored by dilution of 
agglutinogen (that is, Rh-positive er}4.hrocytes) and incubation. 

These obseiwations suggested a simple test, wliicli has noiv become standard 
in our laboratory, for detection of anti-Rh agglutinins : Approximately 0.2 c.e. 


•Tlie Inhibitor substance is fully dlscussea elsewhere.*-* 
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of frosli, oxalatcd, Rli-negativc, and Rh* Group 0 whole Idood or washed 
cells arc placed upon an ordinary slide. Cells of different specificity are used 
for the same reason as Avitli the test tube method. If waslicd cells are used, the 
suspension is made up to apiiroximatelj’ 40 to 50 per cent. AVith each of these 
is mixed 0.1 c.c. of tlie scrum to be tested. The mixture is gently rotated or 
repeatedly tilled. Tlie reaction seems to be accelerated when the slide is 
wanned to 37° C. or thereabouts, but it is easily performed at room tempera- 
ture. Reading of tlio test is facilitated by holding the slide on a piece of 
ground glass placed over an ordinarj’’ electric light, but a mirror or white 
surface also serves to reflect sufficient natural or artificial light through the 
slide to reveal agglutination from its onset. AViicn the scrum is from a sensitised 
individual, usuallj’' witliin a minute, and certainly within three minutes, plainly 
visible agglutination api)cars in one, and usually in botii, of the Rh-positivo 
bloods. TJie Rli-negative blood serves as a control to eliminate errors through 
mistaking fibrin siireds, rouleaux formation, or nonspecific agglutination for 
actual Rh agglutination. Rouleaux may be broken up by adding a drop of 
saline and stirring it into the mixture of Iilood and scrum. Saline does not 
break up agglutinates but ratlier makes tliom .stand out more clearly. Fibrin 
is eliminated in large part i)y using oxalatcd tost blood, but in the event a drop 
of finger blood is used for testing, the oxalate may bo added to tlie serum. It 
should bo emphasized tJiat in order to obtain a satisfactory slide test, one must 
follow carefully the principle fliat a thick drop of blood is necessary. If tliin 
.suspensions arc used on the slide, the results will he crjuivoeal. This may be 
illustrated by the following case: Serum from Patient 2 contained no demon- 
strable anti-Rli agglutinins in tlio test tube, but tlic slide test was positive 4 plus. 
AVhen used with increasingly thinner eell suspensions, tlic results shown in 
Table II were obtained. 


TabI/B II 

Ei'KECT OF Dii.umn Red Cells o.n the Slide Test 

Strength of red c ell yuspcnsiou 

Degree of agglutination witli nntt-Rh scrum 

Suspensions lieavicr than 50 per cent may be used, but tlie chimps arc usually 
so close together as to be bard to visualize. A drop of saline of course, im 1 
overcome tbi.s difficulty. Suspensions of red cells less than 30 per cent maj 
.show agglutination, but tliis will varj- with the typo of agglutinin and its con- 
centration in the scrum. For these reasons 40 or .50 per cent suspensions of 
red cells have been found most satisfactory. 

The test as outlined lias been devised to moot tiic needs of a laboratory eval- 
uating many specimens of blood .serum each da.v. Foi piac ica c h 
poses, it is not necessary to measure tlie cells and serum c.vnetly. Suitable pro- 
portions are obtained wiien a large drop of blood from an oidinary finger 
prick is mixed witli approximately half as miieb serum, her is it nccessarj 
to be particularly eoiiecriied about speeificity of the red eel s used if the test 
i.s set up with several different specimens of Itb-positive blood. II the motbei s 
blood is of the same group and therefoi-c contains no i.solieiiiaggiiiti, mis against 
the infant’s or tlic father’s blood, it is .suggested tliat tbciis lie used as the 
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test cells. The mother’s eells, of coui’se, may conveniently be employed as the 
Eli-negative control. The reaction with the infant’s cells alone, if negative, 
against the mother’s serum should not be depended upon, because it is possible 
in some cases that a high propoi’tion of the baby’s eells may be combined with 
inhibitor substance and fail to agglutinate. In cases of possible blood incom- 
patibility between donor and recipient, tbc recipient’s serum may be set up on 
a slide with the donor’s fresh oxalated or citrated cells. 

Until more information is available concerning the nature of the inliibitor 
substance and its mode of action, it is not possible to state with certainty the 
mechanism of the slide test. However, it seems likely that two factors, an 
agglutinin and an inliiliitor substance (both capable of attachment to cells and 
both therefore pi’esumably antibodies), exist independently in most sera. When 
inhibitor substance is present in nearly equivalent or stronger titer than agglu- 
tinin and a thin cell suspension is used, most of the red cells are bound by 
inhibitor substance, leaving so few cells to be bound by agglutinin that vdsible 
clumps cannot be formed. If, on the other hand, large numbers of red colls 
are used, enough erythrocytes are present both to absorb the inhibitor substance 
and to combine with agglutinin in sufficient number to form easily visible clumps. 

We have found by the slide test method that all onr sera which liad been 
classified here and elsewhere as anti-Rh' arc capable of agglutinating Rhj colls 
on the slide, and sera classified as anti-Rli^ ai’e capable of agglutinating Rh'Kli' 
cells by this method. We have one anti-Rh" serum which does not aggiiitinato 
Rhi or Rh' cells in this way. 

Using the slide test, seium from Patient 1 gives strongly positive agglutina- 
tion with BIm cells. Therefore, although no agglutination of such cells is ap- 
parent in the test tube, the patient has strong agglutinins against such cells in 
her serum and the transfusion reaction resulting from the infusion of Bln colls 
is readily understandable. Serum from Patient 2 also shows the presence o? 
sti'ong anti-Rh agglutinins on the slide, and the fact that slie has given birth 
to children with severe eiythroblastosis fetalis is no longer puzzling. 

To date more than 250 slide tests have been performed in parallel witli 
test tube tests for anti-Rh agglutinins and inhibitor substance. Of these, ninety 
have been on sera from mothers of ei^throblastotic babies. By the usual in- 
cubation technique, only thirty-seven of the.se sera were found to contain anti- 
Rh agglutinins. Tlie slide test was positive in all of these cases. The test for 
inhibitor substance in sera from sensitized individuals was in most cases positive 
when the usual test for anti-Bh agglutinins was negative or wealc. In a fev 
eases, however, the agglutinin and inhibitor substance present in tlie mother s 
serum appear to be so nearly balanced that only by elaborate testing, with care- 
ful control of all variables, can cither lie demonstrated by the test tube method 

In addition to the ninety cases mentioned above, thirty-eight of our stored 
sera, known to contain anti-Kh agglutinins, have been retested. Tlie slide test 
was strongly positive, whereas the incubation test showed varying degrees oi 
agglutination. 

As an evidence of Rh sensitization, three methods of testing for antihodic-s 
induced by the Bh antigen have been u.sed: namely, the slide test, the incuha- 
tion test, and the test for inliibitor substance interfering with the incubation 
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aggUitmation teclmiquc. In tests of ninety consecutive cases of i>robabie Rh 
sensitization the slide test coiifiiined the presence of antibodies in a higher per~ 
centage of cases than either of the other two tests. Tins is illnstrated, for twenty- 
two of the sera tested, in Table HI. 

It can readily be seen that in these twenty-two cases, sensitivity was indi- 
cated by the incubation test for agglutinins in thirteen, by tlie “blocking test” 
in sixteen, and by the slide test in twenty-two. The results of the combined 
incubation and blocking test indicated sensitization in tu'cnty-one of the twenty- 
two. It is not unlikely that if appropriate conditions are provided, test tube 

Table ni 

ConrAnrsox or the Slide Test Wtrn Orueii Tests roc Jtn Sensitization 


TYPE OF SLIDE TEST TEST TUBE TEST "BLOCKING TEST" 


CELLS 

1 

Eh, 

2 

Eh., 

3 

rh 

4 

liii, 

5 

Rh, 

6 

rh 

7 S 

Hh. RIi, 

D* 

Con- 

trol 

Serum 1 

•+■ + + 

+ 4-4- 

0 

0 

0 

0 

0 0 

4+4 4 

2 

+ + + 

+ + + -f 

0 

4444 

444 

0 

+ 44+ + + + ■+ 

44 + 4 

3 

+++ + 

+ + + + 

0 

0 

0 

0 

0 4 + 

4 4 4 4 

4 

++ 

+ + 

0 

4 

44 

0 

+ 4 + + 

444 + 

Q 

+ + + + 

+ + + + 

0 

4444 

444 + 

0 

++44 444+ 

+ + + + 

G 

+ + + + 

+ + + + 

0 

4444 

44 

0 

+ +4+ 44 

+ + + + 

7 

+ + 

+ 4- 

0 

0 

0 

0 

0 4 

+ + + + 

8 

+ + 

•f± 

0 

44 

44 

0 

44 4 

4 + + + 

9 

+ 4- + + 

+ 4-4- + 

0 

4 

Tr 

0 

4+4+ ++++ 

+ + + + 

10 

+ 

+ 4- 

0 

444 

4 

0 

+++i ++44 

4 + 4 4 

11 

+ + 

+ 4-4- 

0 

0 

0 

0 

0 0 

44 + 4 

12 

+ + + 

4-4- 

0 

444 

0 

0 

+ 4 + ■(4 

44-) + 

13 

+ ± 

4-± 

0 

0 

0 

0 

4444 +4+4 

4 444 

U 

+ + 

4-4- 

0 

0 

0 

0 

0 0 

44 4 4 

15 

+ •#• f 

4- + + 

0 

44 

0 

0 

444+ 0 

+ 44 + 

16 

+ + + + 

+ 4-4- + 

0 

44 

44 

0 

+ ± 44 

+ + + + 

17 

+ 

4-4- + 

0 

4 + 

4 

0 

4444 4444 

4444 

IS 

+ +4 

4- 4- 4-4' 

0 

0 

0 
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0 0 

444 + 

19 
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4- + 4-4- 

0 

0 

0 

0 

0 4 + 4 

+ + + + 

20 

+ 4- 

+ 4-4 

fl 

0 

0 

0 

0 0 

+ + + + 

21 

+ + + 

44- + 

0 

4 

+ 44 

0 

4 4444 

+ + + + 

22 

+ + f + 

4444 

0 

0 

0 

0 

0 444 

+ 4 + 4 


blocRIne’ test” described involves the mixture of Rh+ cells tvUh unknoTrn serum, 
by addition of a serum Known to produce strong ocfflutlnallon In the test tube. There- 
reactions in columns 7 and S mein no ••blocking" or Inhibitor substanct* * i plus 
‘O 3 Plus results mean partial inblblijon; and s negative result means that strong Inhibitor 
suDstance Js present and prevents agglutination. 


Methods wil] demonstrate antibodies in as many cases as docs the slide test. 
Indeed, investigators carefully performing sensitive tube tests have reported the 
demonstration of anti-B!i agglutinins in sera of women bearing eiythroblastotie 
babies in a higher percentage of cases than have workers using the incubation 
method outlined above."’ ' The “blocking test” will probably also demonstrate 
antibodies in a higher percentage of cases of sensitized women if the variables 
are so arranged a.s to favor inhibition. This would very likely involve the use 
of cells and sera of several specificities, or careful titration to demonstrate zoning, 
which also apparently indicates inhibitor activity. Since such procedures arc 
laborious, the simplicity of the slide test recommends it for clinical «.se. 

By the slide tc.st, anti-Rh agglutinins have also been (ionionstrafcd in the 
sera of nine Rli-ncgative persons Inioivn to have been .sensitized by transfusion 
of Hh-positive blood in whom the incubation method pave negative results. 
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This method has not 3 "et received adequate trial to he proposed as a sub- 
stitute for the incubation method of demonstrating anti-Eh agglutinins. In- 
deed, although cells of different specificit 5 '^ frequently react a little different!}' 
A^dth the various sera, the reactions are usualty not sufficiently clear cut on the 
slide for distinguishing the subgroups of Eh-positive cells. Moreover, it is 
essential to determine the clinical importance of the inhibitor substance, and 
for this purpose it seems necessaiy that parallel tests by the three different 
methods continue to be performed. For clinical Avork, hoAvever, the slide test 
does appear to possess the f olloAving adA'antages : 

1. It appears to demonstrate Eh sensitization in a higher percentage of 
cases than does any other single test. 

2. It more nearlj^ pictures Avhat is likely to occur in auvo, Avhere a relatively 
large amount of agglutinogen is ordinarily exposed to a smaller amount of 
agglutinin, botli in cases of incompatible transfusion and in cases of erythro- 
blastosis fetalis. 

3. It is quickly performed Avith simple equipment. 

4. It permits the use of testing sera heretofore considered of no value. 

SUMiSIARY AND CONCLUSIONS 

A simple and effective slide test is described for the demonstration of anti- 
Eh agglutinins in the sera of sensitized individuals, and the advantages of this 
method are outlined. In contrast to the incubation test, Avhich fails to shoAV the 
presence of anti-Eh agglutinins in over 50 per cent of cases chiefly because 
of the presence of inhibitor substances, this slide test has demonstrated agglu- 
tinins in the sera of seventy -nine of eight}’’ Avomen who have delivered infants 
AA-ith proved erythroblastosis fetalis and in nine persons aaIio had been sensitized 
by transfusions of Eh-positive blood cells. 
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THE BASIC EliECTROCAEDIOGBAPUIC PATTERNS IN 
BUNDLE BEANCH BLOCK 


Emanufx. Goldbergeb, Jf.D.* 

New yoBK, N. Y. 

I N A recent paper we studied tbc distribution o£ electrocardiographic potentials 
over the surface of the body in the normal and hypertrophied heart,.' Using a 
similar method, we have extended our observations to eases of bundle Inanch 
block in an endeavor to correlate the electrocardiographic patterns oliserved 
with the actual spread of the impulse through the ventricles. 

The concept of bundle hrancli block was fir's! developed hr Eppinger ,iml 
Rotliherger in 1909." A few years later Carter’ foi-niulated the ei itnia ihi tliv 
diagnosis of brurdle branclr irloelc irr man. It was rceogriizcd at that tinu' tlwt 
there were two raairr tjTies of bundle branch block patterns in the staiKl.n'il k-..iK 
Tho first tj’pe consisted of records in which the main QIIS cleflccfrou of Leail 1 
was upright. This wa.s interpreted as right bundle hr .inch block bj' Leviv- and 
others.* The second type eonsisted of records in wliieli (JR.*!-! piiitued down- 
ward. This was interpreted as left bundle branch block 

The first serious objection to this elassification c.iine tttan tlic woi-Ir of 
Barker, Macleod, and Alexander’ and from the obsor^atiuns of Wilson .and las 
associates,"'' wlio used unipolar and multiple prccordial leads in tlnni- siadits 
They showed that cases of so-called right bundle braneh liloek were .letuiillv due 
to disturbance of the main left bundle and that e.n.ses of so-called left bumlle 
branch block were in reality due to interruption of tlic Icil main bumlle Tiicso 
concepts of Wilson are generally accepted toda.v. 

In the observations described in this paper we have accepted and extended 
the principles of btindle branch block enunciated b.v Wilson. Although we have 
made use of unipolar leads, iny modification’ of Wilson’s indifferent electrode of 
aero potential" was tised in taking the unipolar leads, and the unipolar extremity 
leads were taken tvith our technique of obtaining augmented unipolar extremity 
leads.® The records obtained, however, ai'C identical with those taken according 
to the original technique of Wilson." 


I. MATERIAL 


For the purposes of this study we made use of a si vies of electi'Oc.n'diograms 
from fifty cases of bundle branch block drawn from our fites. In all these c.ases 
we had taken not only the standard leads, but also unipolar extremity leads .and 
multiple unipolar preeordial leads, using the technique mentioned. 

Further, in twenty-five of these cases multiple unipolar precordi.il leads 
had also been taken from the following points on the surface of the body: 

2 R.ics. — Electrode on right mid-clavicular line at level of second 
, intercostal space 
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2 m.st. — Electrode on sternum at jimction of manubrium and body 
of sternum 

2 L.ics. — ^Like 2 E.ics. but on left mid-clavicular line 
4 E.ics. — Electrode on right mid-clavicular line at level of fourth 
intercostal space 

E.U.A. — Electrode on right upper abdominal wall on continuation 
of right mid-clavicular line, at level of lowest border of ribs 
L.u.B. — Electrode on left upper back at the base of spine of left 
scapula 

L.m.B. — Electrode at angle of left scapula 

L.I.B. — Electrode on left lower back on twelfth intercostal space, 
directly below angle of left scapula 
E.U.B. — Like L.u.B. but on right side 
E.m.B. — ^Like L.m,B. but on right side 
E.l.B. — Like L.l.B. but on I'ight side 

The multiple unipolar preeordial leads were taken in the following way ; 

V-1 — Electrode at right sternal border on fourth intercostal space 
V-2 — Electrode at left sternal border on fourth intercostal space 
V-3 — Electrode placed midway on line drawn from the points of 
application of Leads V-2 and V-4 
V-4 — Electrode on left mid-clavieular line at level of fifth inter- 
costal space 

V-5 — Electrode on left anterior axillary line at level of fifth inter- 
costal space 

y.Q — Electrode on left mid-axillary line at level of fifth inter- 
costal space. 

All cases in which myocardial infarction was present in addition to tin'- 
bundle branch block were excluded from this series. 

"We also studied electrocardiograms from five cases of left ventricular 
hypertrophy m which there was a prolongation of the QES interval (0.11 sec- 
ond or more), using the above leads. 

n. PHYSIOLOGIC CONSIDERATIONS 

When heart muscle becomes activated, electrical potentials are produced, 
the active muscle being relatively (-) to the inactive muscle (and the inactne 
muscle being relatively [+] to the active). This potential difference exists e 
the junction between the inactive muscle and the muscle which is undergoing 
activation or regression, because muscle which is fully active (or inactive) 
the same potential throughout, and such a region can have no effect on ' 
electrocardiogram. As the impulse travels over the heart muscle, it may thoic- 
fore be regarded as having a (+) pole in the direction toward which it is pio^ 
gressing and a (-) pole in the direction from which it is passing (Fig- L- 
impulses from two or more regions of tlie heart are traveling in the same direc 
tion, their effect vill be augmented. If they are traveling in opposite direction , 
they will tend to counterbalance each other. 

In the normal heart, the impulse travels from the subendocardial 
outward to the epicardium. Theoretically both sides of the interventrico 
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septum are considered to be activated simu!tancoiisly,“ although this prob- 
ably is not so.“’ (Whether it is or not is not important to the thesis of this 
paper.) However, in a ease iu which one of the main branches of the bundle 
of His is interrupted, one side of the septum is definitely activated in advance 
of the other, and from a theoretical point of view the eleetrocardiographic 
patterns which would be obtained from a unipolar lead overl.ving the surface 
of the left ventricle and facing the left side of the septum and from a uni- 
polar lead overlying the surface of the right ventricle and facing the right 
side of the septum can be anticipated from a knowledge of the spread of the 
impulse. For example, in a case in which conduction through the right main 
branch of the bundle of His has ceased for one reason or another, the follow- 
ing conditions would e.xist f right hundl'e branch hind ) ; 

1. The first region of the ventricle to be activated in such a ease is the 
left side of the septnm, and the impulse will begin to spread through the 
septum toward the right side. The effect of this initial electrical activity on 
the unipolar leads would be to cause a (+) upward deflection in the lead fac- 
ing the right side of the septum and a (-) downward deflection from the left 
ventricular lead (Pig. 1, <i). 

2. Following this, the impulse travels outward throndi the normally ac- 
tivated left ventricle and at the same time completely penetrates the septum 
to reach its affected right ventrienlar surface. With the activation of the 
right side of the septum, the entire septum becomes fully activated and, a.s 
mentioned previously, the potential differences formerly present di.sappear and 
the deflection should return to the isoelectric line. Howevei-, since at the same 
time there is an impulse passing outward through the left ventricular wall, 
the right vontrioular electrode faces the tail end of this wave and a (-) de- 
flection is recorded in.stead. The impulse which travels outward through the 
left ventricle also serves to limit the depth of the initial downward deflection 
recorded by the left ventricular cicetrodc. The left venfricidar eicefrode, 
facing the oncoming wave through the left ventricle, records a (+) deflection 

(Pig- 1, h). 

3. Once the impulse has penetrated the septum it spreads to that portion 
of the affected conducting system still functioning and then outward through 
the wall of the affected right ventricle. The potential at the left ventricular 
electrode (which had Iiccn recording a [a] deflection) tends to become iso- 
electric when the activation of the left ventricle is complete and the surface 
of the left ventricle is reached. Since, however, the right ventricle is still 
being activated, the left ventricular electrode fares the tail end of this u-ave, 
passing outward through the right A-entriclc, and the deflection heeoines (~). 
The right ventricular electrode faces the oncoming wave in the right ventricle 
and records a (+) deflection (Pig. 1, c). 

4. The last region of the heart to become activated is the right ventricular 
surface. When this occurs the (-t) potential at the right ventricular electrode 
becomes isoelectric, as docs the (-) deflection of the left ventricular electrode 

(Pig. 1, d). 

With left bundle branch block the potentials of the right and left ven- 
tricular leads should be just the reverse (Pig. 2). 
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It can therefore be said that an electrode overlying the affected ventricle 
and facing the affected side of the interventricular septum should record an 
Jl-shaped QES complex, and an electrode overlying tlie contralateral normal 
ventricle and facing the normal side of the septum should record a W-shaped 
QRS complex. Furthermore, inasmuch as conduction through the muscle of 



' Fiff. 2. 

Pigs. 1 and 2 — Schematic representation of Uie spread of the impulse through the J'tart 
in cases of bundle branch block and the basic electrocardiographic patterns which wouia pc 
obtained. The stippled areas represent regions which are being or have been 
heavy dots represent electrodes, and the graphs next to them reoresent unipolar elootrocarai^ 
grams which theoretically would be obtained if the heart were in the stage of activity repre- 
sented in the drawings. For further details see text. 

the interventricular septum is slotver than through the conduction system,” 
it tvould be expected that the duration of the QBS complex, which is a measure 
of this, should he increased. That this actually occurs can be seen in the fol- 
lowing examples: 

1. Fig. 3 is the record of a case of right bundle branch block. Note the M- 
shaped QRS in the precordial Leads V-1 V-2, and V-3, which face the affected 
right side of the septum, and the W-shaped QRS in the precordial Leads V-4, 
V-5, and Y-6, which face the normal left side of the septum. 

2. Fig. i is the record of another case of light bundle branch lilock. Note the 
IM-shaped complexes in precordial Leads V-1 and y-2 and in the unipolar leacs 
from tlie second right intercostal space and the right mid-back. Tlie 

QRS can be seen in preeordial Leads V-5 and V-6 and in the lead from the e 
mid-hack, although the initial downward deflection in the precordial lea s is 
small in this ease. , 

3. Fig. 6 is that of a case of left bundle branch block. Note that heie ic 

Jl-shaped QRS is found in the leads facing the affected left ventricular si e o 
the septum, namely, preeordial Leads V-5 and V-6 and the leads from t le c 
upper and lower back in this case. The AV-shaped QRS is found, on tlie o m 
hand, in those leads which face the normal right .side of the septum, name 
in this case, the leads from the second intercostal space anteriorlj ( ' 

2 m.st., 2 L.ics.), the first preeordial Lead AM, and the right upper a oim 

lead. 
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4 A similar situation holds in Pig. 7 where the M-shaped complexes are 
found in precordial Leads V-4, V-5, and V-6 and in the lead from the left nud- 
hack and the W-shaped QRS complexes are found in leads from the second right 
inteiWace, the mid-sternal lead, the fourth right interspace, Lead V-1, and the 
right upper abdominal and right mid-back leads. 

It should be noted that with left bundle branch block, the notch of the M 
or W does not reach or extend beyond the isoelectric line in contradistinction 
to the conditions theoretically anticipated and as found in cases of right bundle 
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branch block. The explanation for this is as follows : In left bundle branch 
block, the initial activity of the right side of the septum is recorded as a (-) 
deflection at the right ventricular electrode (Fig. 2, a). The impulse traveling 

~T 'XT ' III irArm R.Axra l.le 


2 R.ics. 2 m.st. 2 L.acs. 



L.in.B 




FIs. 6.— I. M., man, i 


Deft bundle branch block , heart in moderately vertical 
position. 


outward through the normal right ventricle a moment later tends to counter, 
balance this initial activity, but since the right ventricular wall is thinner than 
that of the left ventricle, the electrical activity produced within the right 
ventricle is weaker, and it docs not interfere as much with the initial do 
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ward deflection as left ventricular activity does in a case of right hunclle 
branch block. Consequently, the depth of the deflection is greater than that 
observed in the left ventricular lead in a ease of left bundle branch block. 
For the same reason, after the septum has become fully activated and the sar- 
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deflection is recorded as the surface of the affected left ventricle is activated 
2, d). The electrical activity recorded at tlic left ventrictilar electrode 
has, of course, the opposite polarity as that recorded by the right I’entricular 
electrode. 

In many cn.scs it irill be noted that instead of actual notching, ivhieh pro- 
duec.s the M and W, the pcalc of Q1?S is .iust slurred. Also, QRS deflections, 
more coniple.x in shape tlian an 11 or AV, are occasionally observed. 

HI. THE PATTERNS IN STANDARD AND DNIPOLAR EXTREMITi' LEADS 

The relations between standard leads and unipolar extremity leads can be 
summarized iu the following way:'* Lead I tend.s to resemble the left arm 
lead and Lead III tends to resemhle the left leg lead. Since the extremities 
are far removed from tlie heart, the patterns tend to vary widely for several 
reasons. Krst, the exact area of the heart that the electrode faces is much 
more extensive. Second, as has been .shown previously,’ the extremities oc- 
cupy transition zones of potential and vary' greatly with the position of the 
heart. AVhen the heart lies vertically, the left leg lead faces the left ventricle 
and the left side of the septum, and the left arm lead tends to face the endo- 
cardiiiin of the veiitriole.s. AVhen the hear! lies obliquely or hoHzontatly, it is 
the left arm lead which faces the left ventricle and the left side of tlie septum, 
the left leg lead tending to face the cpicardial surface of the right ventricle 
and the right side of the septum. 

Thus in right bundle iiranch block, the following patterns may be theo- 
retically anticipated in the unipolar c.xtremity and standard lends: 

1. With a vertical heart, the left Ic,g lead should have a AA’-shaped QRS. 
The left arm lead, though facing the endocardium and tliorcfore being predomi- 
nantly (-) also faces the left side of the septum and should also have a AAL 
sliaped QRS. 

2. tVifh an oblique or horizontal heart, tlie left aim lend should have a AV- 
shaped QRS and the left leg lead should have an Jl-shaped QRS. 

3. Irrespective of tlic position of tlie heart, the rigid arm lead tends to face 
tlie right side of the septum and .sliould have an Sl-shaped QRS. 

Actual unipolar extremity leads in eases of right Imndle iiranch block cor- 
respond well to this. Fig. 4 illustrates the records in a vertieal lieart. Fig. 5, 
a, h, c, arc cases in whieli tJie hcai't- is more or less iiorizontal. 

Oeeasionally with right bundle branch block occurring in a vertical heart, 
the left arm lead will tend to face Ihe rigid side of the septum. The reason 
for this is that with a vertical heart, there is also rotation of the heart around 
its long axis, wliich causes tlic rigid ventricle to become more anterior and tlie 
apex to move posteriorly. In such a case the left arm lend will tend to have 
an Jl-shapcd QRS (Fig. 5, d). Note that Lead I tends to resemble the left arm 
lead and that Lead III tends to resemble the left leg lead.’ 

The position of the heart is also probably responsible for the variations 
found in the unipolar precordial leads. For example, in Figs. 3 and 4, Leads 
A’-l, A’'.2, and A’ -3 liave an M-shaped QRS, although other of oiir cases .showed 
tlie Jt-sii’aped QRS in precordial Leads AM, or Leads A’-l and A''-2, or even in 
Lends A’-l, A’-2, A’-3 and AM. 
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It should be noted that the right arm lead often does not show an initial 
upward defleetion. In such cases, leads from the right upper chest wall an- 
teriorly Avill haAm the characteristic deflection. This is emphasized because 
in left bundle branch block neither the right arm lead nor leads from the right 
upper anterior chest AAmll Avill liaAm upAvard initial deflections. 

It may also be noted that aa'c not infrequentlj’' find records Avhich are 
typical of right bundle branch block AAuth the exception of the fact that the 
QRS inteiwal does not exceed 0.1 second. The significance of such, records, 
Avhich Avm liaAm found in normal subjects, Avill be discussed elseAvhere.” 



Fiff. 8 . — Additional cases of left bundle branch block, a, P. A., man, 59 years of heart 

In horizontal position, b, M. AF., woman, 62 years of age; heart in vertical posiuon. 


In left bundle branch block ivith an oblique or horizontal heart, tlie left 
arm lead faces the left Amiitricle and the left side of the septum and shou 
haAm an M-shaped QRS. In such a case the left leg lead tends to face t le 
right A'entricular surface and the right side of the septum and should haA e a 
‘W’-shaped QRS. A vertical heart is uncommon in left bundle branch bloc ' 
because most of the cases haA-e enlargement of the left Amntricle Avhich is the 
cause of the horizontal position of the heart. When left bundle liranch 
does occur Avith a vertical heart, hoAveA'er, the left leg lead Avill face the le 
side of the septum and should have an M-shaped QRS; the left arm lea 
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should he small but should also have an M-sIiaped QRS. Irrespective of the 
position of the heart, the right arm lead and leads from the right upper chest 
anteriorly should always have an initial doirnirard deflection. This actually 
occurs. Fig. 6 is that of a moderately vertical heart; Pigs. 7 and 8, a, of hori- 
zontal hearts with left bundle branch block. Note that in Pig. 7 the initial 
deflection of the left leg lead is upward instead of downward, as theoretically 
anticipated. The explanation of this is that the left leg lead does not face the 
right ventricle sufHciently to record the initial (-) deflection from the right 
side of the .septum. In such a case leads farther to the rigid, as from the 
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although, this may also be seen in Lead V-2. The Ill-shaped QES is usually not 
seen until the electrode is moved sufficiently to the left, usually to point V-5. 

In addition to our studies on cases of bundle branch block we took mul- 
tiple unipolar leads over the surface of the bodj’' in fiA'^e cases of liypertensive 
cardiovascular disease and left ventricular hypertrophy. In these particular 
cases the electrocardiogram showed a prolongation of the QES interval to 
either 0.11 second or more. Fig. 9 illustrates such a ease, that of a 24-year-old 
man rvith rheumatic heart disease, aortic insufficiency, and massive enlarge- 
ment of the left Amnlricle. Note that although the pattern superficially re- 
sembles that of left bundle branch block, leads from the right upper portion 
of the body have an initial upward deflection, and leads from the left side of 
the body haAm an initial doAviiAvard deflection. The pattern is therefore similar 
to that of a normal horizontal hearF or to cases of right bundle branch block, 
insofar as the initial deflection is concerned, rather than left bundle branch 
block. The characteristic M- and W-shaped patterns of bundle branch are not 
seen. The prolonged QES interA'al in such a ease can be explained by the 
masshm size of the patient’s heart and the fact that it takes the impulse a 
longer time to penetrate the hypertrophied left ventricle than a normal heart. 
A similar prolongation of the QES may be seen in cases Avhere the right ven- 
tricle is markedly hypertrophied. 

The T Avave patterns obserAmd in cases of left and right bundle branch 
block should be discussed briefly. An M-shaped QES usually has a (-) T and 
"W-shaped QES an rrpAvard {+) T, although exceptions to this are common. 
These T AvaAm patterns are due to the altered paths over Avhich the impulse 
spreads and are not due to mjmcardial damage.'® 

rv. CONCLUSIONS 

When unipolar leads are used, the electrocardiographic patterns observed 
in eases of bundle branch block may be directly correlated Avith the actual 
spread of the impulse through the Amntricles. On the basis of theoretical con- 
siderations and actual electrocardiographic observations, the folloAving are .the 
basic electrocardiographic patterns in eases of bundle branch block : 

1. An M-shaped QES complex in unipolar leads OAmrlying or facing the 
affected ventricle and the affected side of the interventidcnlar septum. 

2. A W-shaped QES complex fi-om unipolar leads OAmrlying or facing the 
contralateral normal ventricle and the normal side of the septum. 

3. Prolongation of the QES'interA'al to 0.11 second or longer. 

4. A (-) T Avave Avith the M-shaped QES and a (-f) T Avith the W-shapec 
QES, although exceptions to tliis are frequent. 

5. The patterns observed AAuth unipolar extremity and standard leads de- 
pend on the position of the heart. When the heart is A’-ertical, the left leg 
lead Avill face the left A-entricle and the left side of the septum ; A\-hen the heart 
is oblique or horizontal, the left arm lead AviU face the left A'entricle and left 
side of the septnm, the left leg lead noAV tending to face the right ventric e 
and the right side of the septum. 

In this paper Ave also demonstrated the fact that not CA'ery case in ' 
the QES interval exceeds 0.11 second is necessarily due to bundle branch bloc ^ 
but may be explained by the fact that the impulse requires a longer Imic o 
penetrate a greatly hypertrophied ventricle than it normally needs. 
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THE PRODUCTION OP BACTERICIDAL ACTIVITY IN COD-LIVER OIL 

BY OXIDATION 

Charlks a. Ross, M.S., and Edgar J. Poth, M.D., Ph.D. 
Gautsston, Texas 

T he Council on Pharmacy and Chemisti’y of the American Medical Associa- 
tion, in 1943,^ conducted a thorough review of the literature appertaining to 
the value of cod-liver oil as a medicinal agent promoting the healing of wounds 
following topical application. Most of the controversy centered about the 
virtui'es of the agent depending upon the vitamin content of the oil. The Coun- 
cil concluded, at that time, that the evidence available did not avarrant the ac- 
ceptance of cod-liver oil preparations for the topical treatment of wounds. 

Reports by Harris, Bunker, and Milas (1932)^' ^ Ldlir and Treuseh (1934),^ 
Stevens (1936),“ Nelis (1939),*’ Lichtenstein (1939),^ and Worley (1940)® in- 
dicate that cod-liver oil elicits beptericidal activity under various conditions. 
However, Kummell and Jensen (1936)® and Driver, Binkley, and Sullivan 
(1938)^° failed to observe bactericidal activity in their preparations. These con- 
tradictory data have led us to investigate this aspect of the question. After 
evaluating the data available, it appears that so-called old or rancid cod-liver 
oils are usually bactericidal. Purthermoi'e, treatment by heat, aeration, or ultra- 
violet irradiation in shallow, open dishes results in a preparation possessing bac- 
tericidal activity. Fresh cod-liver oils are rarely bactericidal. These observa- 
tions suggest that the substances lethal to microorganisms are produced fay the 
interaction of the oil with oxygen. While this was undoubtedly appreciated by 
earlier workers, the importance of the initial oxidation has not been recognized 
as the basic reaction leading to the synthesis of substances possessing bactericidal 
activity. 

According to Hilditch (1941)^^ 85 to 89 per cent of cod-liver oil con- 
sists of rrnsaturated fats. Such of these fats as contain the ethylene link- 
age arranged in the highly reactive 1-4 conjugated system of double bonds, 
— CH=CH — CH=CH — , are Imown to undei’go autoxidation by atmospheric 
oxygen and may initiate chain reactions. 

The presence of naturally occuiTing antioxidants (Olcott and JIattill 
1941’®) in fats retards and may inhibit the oxidation of the unsaturated fats. 
Buxton (1942)'® further regarded the presence or absence of antioxidants as 
factors in the destruction of vitamin A. Buxton’s procedure for the removal 
of these antioxidants from cod-liver oil has been followed in this study. The 
development of bactericidal properties fas'- these oils subsequent to oxidation bj 
atmospheric oxygen is studied in this investigation. 

Materials and Methods. — Commercial U. S. P. cod-liver oil was used in these 
experiments. After adding one part of a nonpolar solvent such as benzene, 
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ciiloroform, or hexane to hvo or three parts of oil, five parts o£ this mixture were 
treated by stirring with one part of activated Norit for thirty minutes to an 
hour at room temperature. Following filtration, the solvent was distilled off at 
reduced pressure. Tiiis treatment removed the antioxidants, and the residual 
oil readily nndenvent oxidation when exposed to atmospheric oxygen. 

Tlje rate of production of perioxides and aldehydes was determined by the 
methods of Lea (1931).*^’ 

The bactcriologie tests were made using plates of infusion agar heavily in- 
oculated with Staphylococcus aureus. Bacillus suhtilis, or Escherichia coJi. The 
oils were tested by direct contact on the agar using filter paper disks. Tlic 



Fig, 1.— niustifxting tlie latc of peroxide and aldch>dc formation In (U) a specimen of 
U. S. P. eod-Uver oil an'd In (A) the same oil after extraction with activated Norit to remove 
the antioxidants In commercial cod-livor oil. The •'■repdarity indicate 

that the observed values are tlie summation of several reactions. The solid lines represent the 
peroxide values while the dasliod lines represent those of the aldehyilcs. (.1 and 7? are the 
specimens A and U of Table 1.) 


vapors of the oils were tested by ]>ouring 5 to S c.c. of oil into the bottom of 
Petri plates and inverting a second plate bottom containing the inoculated agar 
Over the oil. Cultures and oils were incubated at 3S° C. and read at twelve and 
twenty-four hours. 

Kxpcrmicnfal.— AYhen the untreated li. S. F. cod-liver oils were tested for 
bactencidal activity, it was found that they were not bactericidal. After ex- 
traeting the antioxidants from the oils, the preparations cxliibited bactericidal 
properties bv direct contact and by the vapoi's emanating from the preparations 
following exposure to atmospheric oxygen. Dishes of the oils were exposed to 
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atmospheric oxygen at 38° C. and tested daily for bactericidal activity and for 
the formation of peroxides and aldehydes. Adsorbed oils rapidly became bac- 
tericidal and remained so indefinitely. In contrast, the fresh U. S. P. oils did not 
elicit bactericidal effect until they had been exposed for at least five days. 

The rate of formation of peroxide is shown in Fig. 1 in a specimen of fresh 
U. S. P. cod-liver oil and in another specimen of the same oil from which the 
antioxidants had been removed. It is apparent that the rates of oxidation dif- 
fer greatly in these instances. The extracted oil vms bactericidal to the three 
organisms testing within the first twelve hours of incubation at 38° C. In con- 
trast, the original oil oxidized comparatively slowly and did not become bac- 
tericidal until the sixth day of incubation. While the peroxide oxygen values, 
expressed in cubic centimeters of N/200 thiosulfate, can only be considered as 
semiquantitative, because of the complex reactions taking place (Milas, 1941”), 
the values do indicate large increases in peroxide and the length of time re- 
quired for an oil to undergo auto-oxidation after it has been exposed to the air. 
In Table I is shown the increase in aldehydes in these same oil specimens. The 
Kreis reaction for aldehydes is essentially a qualitative test. It was modified as 
follows to yield relative quantitative values: the reactants produced a pink 
color. An ethereal solution of phloroglueinol was added to the oil dissolved in 
chloroform, and the mixture was acidified with HCl. The color intensity was 
compared with an arbitrary set of standard tubes containing varying concentra- 
tions of KMn 04 . Tube 1 -was designated as 1 unit ; Tube 2 contained 2.5 times 
the concentration of Tube 1, etc.; Tube 5 contained 39 Kreis units of color. As 
the reaction proceeded to exceed the color intensity of Standard Tube 5, the oil 
■was diluted ■with chloroform and tested. The number of units was then 
multiplied by the proper dilution factor to obtain the relative quantity of 
aldehyde in the specimen. 

The data presented in Fig. l and Table I show the rate of peroxide forma- 
tion and aldehyde production to be much more rapid in the case of the oils from 
which the antioxidants have been extracted than in the instance of the original 
U. S. P. cod-liver oil. 


Table I 


The RELATm: Quantities of Aldehydes Peoduced During Oxidation of Cod-Liver Oil as 
Indicated by the Kreis Reaction (A and B Are A and B of Chart 1) 


TIME 

(DAYS) 


adsorbed oil a 
(kreis UNITS TER C.C.) 


0 

1 

3 

4 

5 

6 
9 


2.5 

31.2 

39 

31.2 

7S 

78 

273 


OIL B 

(kreis units per c.c^ 

i 

2.5 
2.5 
6.25 
6.25 
15.6 
31.25 


The Effect of an Antioxidant . — ^A specimen of extracted cod-liver oil va® 
di^vided into three portions : A, B, and C. Hydroquinone was added to ^ 
ratio of 1 to 1,000. The three specimens ivere aerated with oxygen at 
and the rate of peroxide formation determined. The rate of peroxide 
was retarded in C. After two and one-half hours, hydroquinone was ° , 

in a ratio of 1 to 1,000. The addition of the antioxidant to specimen B i n 
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altCT tile rate of peroxide formation once the reaction was underway (Pig. 2). 
The rate of aldehyde production was determined and was found to he comparable 
with that obsei-ved in Fig. 1. No aldchj-de was formed in specimen C. After 
heating for four houi-s, the three specimens were tested for bactericidal activity 
A and B were strongly bactericidal. C e.xhibited no bactericidal activity. 

The Chemical Nature of the Bactericidal Substance. — Since the bactericidal 
effect was present both in the oil and in the vapors given off by the oil, it was 
evident that at least one bactericidal substance formed had a low boiling point. 
Testing these vapors with acidified starch-iodide and Schiff’s reagent °showcd 



... Hydroguinone, an antioxidant, was added to O m a ratio of 1 to 1,000 before heating. 
Alter heating for 2*A hours, hydroguinone was added to B in the same proportions. C did not 
undergo oxidation, while A and B oxidized rapidly. Once oxidation had begun, the reaction 
was not suppressed by. the antioxidant. Curve B. 

them to contain both peroxides and aldehydes. Vapors from fresh U. S. P. cod- 
liver oil were not bactericidal and failed to give positive tests for cither alde- 
hydes or peroxides. After exposing fresh U. S. P. cod-liver oil to atmospheric 
oxygen for at least five days, the vapors became bactericidal and gave positive 
reactions for both peroxides and aldehydes. Specimens of extracted oils became 
dark in color and viscous when incubated at 38° C. for several months. The oils 
and their vapors were strongly bactericidal. The oils gave positive tests for 
both aldehydes and peroxides; the vapors, however, gave positive reactions for 
aldehydes only. These vapoi-s contained no oxidizing substances, but they con- 
tinued to have bactericidal properties and possessed an acrid odor resembling 
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acrolein. It has not been possible to eolleet enough of the volatile aldehyde for 
chemical identification. 

If the oil was heated on an open Bunsen flame, a volatile distillate could be 
condensed at freezing bath temperatures. These distillates were fractionated in 
a Vigreaux column, and a clear, colorless liquid boiling at 52° C. was collected. 
This substance reduced bromine water and Kmn 04 , was strongly bactericidal, 
gave a positive Schiff’s test for aldehyde, and reacted with dinit rophenylhydra- 
zine to give a compound melting at 165° C. This compound gave a mixed melt- 
ing point of 165° C. -with the dinitrophenyUiydrazone of acrolein to indicate defi- 
nitely that the distillate isolated from the heated cod-liver oil was acrolein. Ob- 
^^ously, it does not follow that the aldehyde occurring in the vapoi-s of cod-liver 



Fig-. 3. — A graphic representation of the rapid and persistent production of 

hydes and the acquisi ‘ ’ ‘ivity by the vapors over cod-liver oil wnicn 

been treated with act antioxidants. During the first days and ’^eeics 

the vapors contained substances ultimately disappeared althoUon in 

bactericidal activity )ors continued to give a positive reaction 

aldehydes. 


oil when exposed to oxygen at 38° C. is acrolein, since acrolein i-esults from the 
pyrolysis of fats in general (Bgloff and Morrell, 1932'^ and 'i^ernon and Boss, 
1936^®). The bactericidal activity of acrolein was demonstrated by Koch and 
Fuchs, as early as 1899'" and again by Berthelot (1922)'® and Follrath and co- 
workers (1937 1.'" 

DISCUSSION 

The results of this investigation would indicate that the liactericidal actiwty 
acquired by cod-liver oil is dependent upon auto-oxidation. The exact chem- 
ical nature of the bacteiieidal substance or substances has not been determine , 
but one of these substances is an aldehyde and observations indicate that 
stance maj”^ he acrolein. Servias (1903)"” and Dunlap and Sheuk (1903) 
ohseiwed volatile aldehydes with an acrolein-like odor formed in rancid cod- ner 
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and linseed oils. Sahvay (1916)^- isolated and identified acrolein upon oxida- 
tion of linseed oil and linolonie acid. Certain volatile, saturated aldehydes do, 
however, likewise possess bactericidal activity (Tilley and Schaffer, 192623). 
Harris and associates (1932),- a Stevens (1936),® and Lichtenstein (1939)^ sug- 
gested that the bactericidal activity I’esided in the volatile peroxides found dur- 
ing the oxidation of cod-liver oil. Evidence presented by us shows volatile 
aldehydes to be present whenever the vapors over cod-liver oil possess bacteri- 
cidal activity. Peroxides, liowever, cannot always be demonstrated in these 
vapore (see Fig. 3). jS^eJis and Thomas (1939)'’ and Worley (1910)® suggest 
that the bactericidal agents occurring in cod-liver oil are probably aldehydes. 

Cod-liver oil is an effective mechanical covering for superficial lesions.* 
Since an oil from which the antioxidants have been adsorbed produces bacteri- 
cidal substances rapidly, this material suggests itself as a unique medicinal 
in the topical treatment of superficial wounds. This aspect of the problem is 
being studied especiallj' in regard to burns and granulating surfaces. The re- 
port of 'tJie Council of Pharmacy and Chemistry of the American ]\redicnl As- 
sociation records no untoward reactions following the topical use of cod-liver oil. 

It is doubtful that tJie vitamin content of an oil contributes to its bacteri- 
cidal activity. The volatile substances in the vapors from cod-liver oils would 
indicate that these substancc.s have a low molecular weight. 


suMM.vnv 

Fresh U. S. P. cod-liver oil has no bactericidal activity. Cod-liver oil ac- 
quires bactericidal activity during oxidation. Tin's prdccs.s is accelerated when 
the natural antioxidants in tlio oils arc adsorbed by Norit and can be inhibited 
by the addition of the antioxidant, h3'droquinone. Aldohj-des are always present 
in the vapors given off by cod-Hver oil when those vapors acquire iJaetericidal 
activit}^ It is suggested that acrolein, a bactericidal substance, may be produced 
bj’ the auto-o.xidation of cod-Iivcr oil. 


REFERENCES 


1. Couticil on Pharmacy and Chemistry; A Status Report on the External Use of Cod 

Liver Oil, J. A. 51, A. 121: 759, 1943. ..... 

2. Harris R. S., Bunker, J. W. 51., and 5Iilas, N. A.: ChenucaJ Nature of Gernueidnl 

Vapors Emanating From Irradiated Oils, Indust. 5: Engin. Cliem. 24: 1181, 1932. 

3. Harris, E. 8., Bunker, J. IV, 5f., and Milas, N. A.; The Germicidal Activity of Vapors 

From Irradiated Oils, J. Bnet. 23: 429, 1932. i i t ^ ^ 

4. Lohr tv. and Treusch Die IVirkung dcs Leberfrans und cier Lebercmnsalbe auf 

TTundeitererreger, Zcntralbl. f. Chir. 61: JS07, 1934. 

5. Stevens F. A,: Bactericidal Effect of Peroxides in Irradiated Cod Liver Oil, J. Infect. 

6. Nelis P and Thomas, G.: Contribution i i'dtude du pouvoir bactericide de certames 

huiiW, enparticuHer do Pliuile do foio do moruc, Compt. rend. Soc. do biol. 130; 

7. Licht^eSein^^M.: Cod Liver Oil Dressings: Their Alodo of Action, Lancet 2: 1023, 


1939 

8. Worley, G.; Destruction of Bacteria by Certain Fish Li\cr Oilsj^ Summnrie.s of Doc- 

toral Dissertations, TJnivorsitj' of • ■ , 

9, HummeP, H. I., and Jonseu, W.: _ de.«? Leber- 

tranivundverbandes, Deutsche Zts . ■ . rv. . . 

10. Driver, J. R., Binkley, C. W., and Sull ' ■ ■ ' ° Ointment.s 

in tho Treatment of Indolent Ulctia, .. ■ , 

11. Hildttch T. P.; The Chewical Constitution of iNntural Fats, Noiv York, 1941, John 

Wiley & Sons, Inc. 



‘232 


IlOSS AND BOTH 


12. Olcott, H. S., and Mattill, H. A.: Constituents of Tats and Oils Affecting the Develop- 

ment of Rancidity, Chem. Rev. 29: 257, 1941. 

13. Buxton, L. O.: Effect of Carbon Treatment on Eisli Oils, Indust. & Engin. Chem. 34: 

1486, 1942. 

13a. Lea, C. A.: The Effect of Light on the Oxidation of Fats, Proc. Roy. Soc., London 
(B) 108: 175, 1931. 

14. Milas, N. A.: Auto-Oxidation, Chem. Rev. 10: 295, 1932. 

15. Egloff, G., and Morrell, J. C.: The Cracking of Cottonseed Oil, Indust. & Engin. Chem. 

24: 1426, 1932. 

16. Vernon, A. A., and Ross, H. K.: Some Characteristics of the Residue Prom the 

Cracking of Castor Oil, J. Am. Chem. Soc. 58: 2430, 1936. 

17. Koch, E., and Fuchs, G.: Ueber den antibakteriellen Wert des Acrolein, Zentralbl. f. 

Bakt. 26: 560, 1899. 

18. Berthelot, A.: Studies on the Antiseptic Action of Acrolein, Rev. d’ hyg. 44: 16, 1922. 

19. Vollratli, R. E., Walton, L., and Lindegren, C. C.: Bactericidal Properties of Acrolein, 

Proc. Soc. Exper. Biol. & Med. 36: 55, 1937. 

,20. Servias, L.: Fett-Harz-Ind 10: 231, 1903; cited by Bills, C. E.: Chem. Rev. 3: 425, 
1927. 

21. Dunlap, F. L., and Shenk, F. D.; A Preliminar 3 - Report Upon the Oxidation of Linseed 

Oil, J. Am. Chem. Soc. 25: 826, 1903. 

22. Salwaj', A. H.: Studies on the Oxidation of Unsaturated Fatt 3 ' Oils and Unsaturated 

Patt 3 ' Acids. Part I; The Formation of Acrolein b 3 ' the Oxidation of Linseed 
Oil, J. Chem. Soc., London 109: 138, 1916. 

23. Tille 3 ', F. W., and Schaffer, J. M.; Chemical Constitution and Germicidal Activity of 

Amines, Ketones and Aldeh 3 'des, J. Bact. 16: 279, 1928. 



THE SEROLOGIC DIAGNOSIS OF ENDEMIC TYPHUS 

I. The Use of Speolilly Pketaeed RiciiF-iTSiAL Suspeksions and Commekoiat. 
Typhus Vaccines as Antigens in the Complement Fixation Test 

Samuel R. Damon, Ph.D.,* and Mary B. Johnson, B.S.t 
Montgomery, Ala. 

C OMPLEMENT fixation in typhus ivas investigated by Castaneda,' who 
showed in 1936 that sera from human cases of the Mexican disease and 
from guinea pigs infected witli the European strain of virus contained com- 
plement-fixing antibodies. Confirmation and extension of tliese observations 
were reported in 1941 by Bengtson,' who approached the problem udth a view 
to determining the diagnostic value of the test. In this study sera from human 
cases of endemic typhus and from guinea pigs recovered from infections with 
endemic typhus were employed ; the specificity of the reaction was determined 
with sera from cases of Rocky Mountain spotted fever and “Q" fever; normal 
human and guinea pig sera were used as controls, hlore recently, other work- 
ers, among them Reynolds and Pollard,' have reported on the utility and 
specificity of the tost as a diagnostic procedure. 

Antigens, in the case of Bengtson's work, were specially prepared from 
the inoculated yolk sac of tlie developing chick embryo following the method of 
Cox' and from the lungs of mice infected intranasally by the technique of 
Castaneda.' Reynolds and Pollard, on the other hand, used commercially pre- 
pared epidemic typlius vaccine as antigen. This vaccine was prepared from 
infected chick embryos and represented the product of a single manufacturer. 

Purpose of This Stndij.— The purpose of this study was to determine the 
relative value of specially prepared rickettsial suspensions and commercially 
processed typhus vaccines, from a variety of sources, as antigens in the com- 
plement fixation test for typhus. At the outset, it was recognized that specially 
prepared antigens should prove satisfactory, hut the fact that most laboratories 
were not in position to produce these for their own use and that they were 
unobtainable from commercial sources gave point to the investigation of vac- 
cines as possible antigens as these were available on the open market. 

Ifaferials.— Specially prepared antigens made from the endemic type virus 
were furnished by the National Institute of Hcaltht and Sharp and Dohmc;§ 
the latter also provided a similar antigen of the epidemic type. The vaccines 
used were all prepared from the epidemic type virus and were maniitactui-ed by 
Lederle Laboratories, Inc.,|| Parke, Davis & Co.,TI and Eli Lilly and Co. The 
standard serum used in titrating the antigens and vaccines was obtained from 
guinea pigs which iiad recovered from infections witli endemic typhus or from 
active human cases of the disease. 


tSenior Bacteriologist. Alabama State Br I Stson 

}By authority of Dr. R. E. Dyer, through the of Dr 
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The Test . — The classical hemolytic system of sheep cells, guinea pig com- 
plement, and rabbit anti-sheep cell amboceptor was employed. In determining 
the antigenic titers of the speciallj’- prepared rickettsial suspensions' or the vac- 
cines, diliitions were first made covering the range 1 :4 to 1 :128. This was done 
by adding 0.1 c.e. of antigen to 0.3 e.c. saline in the first tube and transferring 
0.2 e.c. of this dilution to the next tube which already contained 0.2 c.c. of saline. 
This was repeated through the remaining tubes of the series with 0.2 c.c. being 
discarded from the final tube. To aU tubes, 0.2 c.e. of standard serum (diluted 
1:8) was then added, followed by 0.2 c.c. of complement (2 units). The tubes 
were next incubated one hour at 37° C., after wdiich 0.4 c.e. sensitized sheep 
cells was added. The sensitized sheep cell suspension wms made by combining 
equal amounts of a 2 per cent sheep cell suspension and rabbit, anti-sheep cell 
amboceptor which had been titrated to contain 2 units in 0.2 c.c. The tubes 
wmre then reincubated for one hour, placed in the icebox overnight, and read 
the next morning. The amount of fixation was estimated as 4+ (complete), 3+, 
2-(-, 1-f, ± (trace), and 0 (none). The titer was recorded as the highest dilu- 
tion showing 3-f- or 4+ fixation. 

A control w'as ahvays set up ■with each titration to establish the fact that 
the antigen was not antieomplementary. This consisted of 0.4 c.c. antigen 
(1:4), 0.2 c.c. complement (2 units), and 0.4 c.c. sensitized sheep cells. 

Results . — The results obtained in the titration of specially prepared ricket- 
tsial antigens, when the tests were run at 37° C. ^vith one hour allowed for 
fixation, are sho^vn in Table I. This table also shows the results obtained on 
repeated titrations of these suspensions at varj'ing ages. 

Table I 


Specially Prepared Eickettsial Antigens Titrated 'With Water Bath Pixation fok 

One Hour 


SOXniCE OF 

antigen 

STRAIN 

DATE 

TESTED 

m 

AI 

1:8 

ITIGEN 

1:16 

DILUTIO 

1:32 

N 

1:64 

1:128 

USEFUL 

dilution 
(4 units) 

National Insti- 

Endemic 

2/ 7/44 

4 

4 

4 

4 

4 

2 

1:10 

tute of Health 

58 

3/20/44 

4 

4 

4 

4 

4 

1 

1:16 



6/20/44 

4 

4 

4 

3 

0 


1:8 


Endemic 

3/20/44 

4 

4 

4 

4 

4 

2 

1:16 


82 

0/20/44 

4 

4 

4 

4 

4- 

0 

1:16 



9/8/44 

4 

4 

4 

2 

0 

0 

1:4 



11/28/44 

4 

4 

4- 

2 

0 

0 

1:4 


Endemic 

6/20/44 

4 

4 

4 

4 

Ba 

0 

1:16 


84, Lot 3 

9/ 8/44 

4 

4 

4 

4 

Hi 

0 

1:S 

* 

Endemic 


4 

4 

4 

4 

Wm 

0 

1:16 


84, Lot 4 

mmm 









Endemic 

3/20/44 

n 

4 

4 

4 

4 

4 

1:32 

Inc. 


11/28/44 

■■ 

4 

4 

4 

4 

3 

Xlo -* _ 


Epidemic 1 

11/28/44 

mm 

2 

0 


0 


1:1 


2 

11/28/44 

4 

4 

2 


0 




From Table I it appears that all of the specially prepared antigens wmrc 
suitable for use in complement fixation tests and that when freshly made cou c 
be used in dilutions of 1 :16 or 1 :32, that is, using four units in the test, t le 
unit being the smallest amount which gave complete fixation with the stan ai 
serum. From Table I it also appears that there was some loss in antigenici j 
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with the lapse of time though the sn^cnsions were still useful from four to 
eight months after being initially titrated. 

Attention was next directed to a similar investigation of commercially pre- 
pared tj’phus vaccines. For tliis part of the study, vaccines of various lots 
representing the finished piuduet of different manufacturers were obtained. 
These vaccines were all made from the epidemic 157)6 virus and the results of 
their titrations are shown in Table II 


t.\ble ir 

Eesults op Epioeshc Tithus Vaccike Tite.ition tViTO Water B.wh Fixatiok pok 
Oke Hoof- 


SOUECE OP 










! USE- 

LOT 

DATE 

D-ATB 


VACCINE 

DILUTION 



VACCINE 

NUilDER 

MADE 

TESTED 






.. 


Parke, 

Davis & 

098792 A 


11/ 3/44 

4 

4 

1 

1 ^ 

0 

1 0 

1:2 

Co. 

09S793 A 


9/21/44 

4 

4 

3 

tr 

0 

0 

1:4 




11/ 3/44 

4 

4 

3 



Bl 

1:4 


098794 A 


9/21/44 

4 

4~ 

tr 

0 

0 


1:2 




11/ 3/44 

4 

3 


mm 

0 

0 

1:2 


098795 A 


9/21/44 

4 

4 

3 



0 

1:4 




11/ 3/44 

4 

4 

2 

0 

■i 

0 

1:2 

Lederie 

285 H 719 

4/25/44 

9 / 8/44 

4 

4 - 


0 

u 

0 

1:4 

libera* 

721 

4/20/44 

9 / 9/44 

1 

4 

4 

1 

0 

0 

1:4 

tones, 

725 

3 /3 

9 / 8/44 

4 

4 



0 

0 

1:4 

lac. 


and 

23/44 










720 

3/ 3 

9/ 8/44 

4 

4- 

0 

0 

0 

0 

1:2 



and 

22/44 










739 

2/21 

and 

4/ 5/44 

9/ 8/44 

4 

4- 


0 

0 

■ 

1:2 


43 

5/ 1/44 

9/ 8/44 

4 

4- 

■■ 

0 

0 

0 

1:4 


45 

5/ 2/44 

9/ 8/44 

4 



0 

0 

0 

1:4 

. 

50 

5 / 8/44 

9/ 8/44 

4 

■Si 

■■ 

0 

0 


1:2 

Llj Lilly 

7084-319035 


2/ 7/44 

0 

0 

0 

0 

u 

0 

None 

and Co. 












The results recorded in Table II indicate that commerciallj' processed 
typhus vaccines made from the epidemic virus by two manufacturers and repre- 
senting twelve different lots were all satisfactorj’ for use as antigens in the 
complement fixation test. Not all the vaccines could be used as antigens in 
diagnostic tests in the same dilutions, however, as some evidently were suitable 
only when diluted 1 :2, while others could be diluted 1 :4. In contrast to these 
results the product of one company w-as entirely unsatisfactory as its vaccine 
was not capable of fixing complement in any dilution in which it was not anti- 
complemenfary. Incidental!}', it is of interest to note that none of the other 
vaccines were antieomplementary and that the single unsatisfactorj- product 
encountered was that with which Eej-nolds and Pollard’ reported obtaining good 
results. Failure with this product has been reported to us in a personal com- 
munication by other investigators. 

Prom Table II it is also seen that the keeping qualities of vaccines to be 
used as antigens were good. In only one instance was there an apparent loss 
of antigenicity in the vaccine as manifested by a drop in the dilution which 
could be made when using it as m antigen. 
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In contrasting commercial vaccines with specially prepared suspensions of 
rickettsias as antigens, the advantage lies with the latter, as might he anticipated. 
This is indicated by the higher antigenic titers obtained and may be accounted 
for by (1) the greater concentration of the suspensions, (2) the fact that they 
were prepared from endemic virus, and (3) the use of endemic virus antiserum 
in carrjdng out the antigenic titrations. 

CONCLUSIONS 

1. Specially prepared chick embryo rickettsial suspensions made from epi- 
demic or endemic typhus virus are satisfactory antigens for the complement 
fixation test. 

2. Commercially processed epidemic typhus vaccines representing twelve 
lots of manufacture were found satisfactory as antigens in complement fixation. 

3. No anticomplementaiy factor was encountered in any of the commer- 
cial vaccines shown to be satisfactory as antigens. 

4. Tj'phus vaccine is suffieientlj- antigenic to be diluted 1 :2 or 1 :4 in com- 
plement fixation. 

5. One vaccine was not antigenic in an 5 '^ dilution in which it was not anti- 
complementary. 

6. TjTohus vaccines have been found’ to be satisfactory antigens in com- 
plement fixation tests at least for six months after manufacture. 
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EFFECT OF PENICILLIM ON EXPERBIENTALLY PRODUCED 
PLAGUE IN GUINEA PIGS 

Bernard Witlin, Sc.D.,* and Charles L. \Yilbar, Jr., M.D.f 
Honolulu, Hawaii 


INTRODUCTION 


S INCE 1910 pla^ie has been present in the noilhcra portion of the Hamakiia 
Coast area of the Island of Hawaii, the larjjcst of the islands comprising the 
Tcrritoiy of HawaiiJ A number of rats have been found to be infected with 
the disease each year, and tlierc has been a continued but sporadic occurrence of 
human cases of bubonic or pneumonic plague. One hundred and eleven human 
beings have been reported to the health department as having plague during 
the thirty-five years since the disease first appeared in this district. The maxi- 
mum number of cases reported for any one year has been twelve. During five 
yearly intervals no cases were reported. 

Plague has occurred in this area more consistently and with greater fre- 
quency than in any other area in the United States during recent decades. 
The mean case rate per 100,000 in the Hamakua area, with a population of 
approximately 10,000, has been 31.7. In tlie San Francisco outbreak of 1907 
and 1908 tlie rate was approximately 20 per 100,000 for the two-year period. 
The rate in the New Orleans outbreak of 1914-1915 was 8.5. Of the patients in 
the Hamalcua area haring plague, 110 have died, giving an extraoi'dinaiy mor- 
tality percentage of 99.1. In the San Francisco outbreak seventy-eight of^ 160 
persons contracting the disease died, a mortality of 49 per cent. Of the thirty- 
one cases in the New Orleans outlmcak, ten, or 32 per cent, died. A comparison 
of plague in these three areas is shown in Table I. 

The disease occurs on the Island of Hawaii endcmicall}' in rats with an 
occasional epizootic upswing. Cases in man. 01*0 sporadic, but the relatively 
high incidence and high death rate indicate the importance of using this area 
for studies of plague. 

The effect of peiucillin on PasteiivcUa pcstis naturally was of acute concern, 
with the hope that this drug might possibly be more effective in treating in- 
dividuals with plague than tmy other available medication. The presence of a 
considerable ruunber of military personnel in the Territory has caused the 
Armed Forces to be intimately concerned with inctho^^ for the suppression 
of plague here. A protocol for an experiment \rith penicillin in the treatment 
of guinea pigs inoculated with plagrrc organisms was prepared h> the health 
department and Avas submitted to the Army Jledical School through the Siu’geon 
of the Central Pacific Base Command. Upon approval of the protocol, sufficient 
sodium salt of penicilUnI to conduct the experiment at the Plague Laboratory 
of the Board of Health at Honokaa, Hawaii, was supplied by the United States 
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Table I 

CoiipAEATi\-E Statistics ox Humax Plague in San PnANcisco, 2 s’'ew Orleans, 
AND Hamakua District of Hawaii 


YEAR 

CASES 

DEATHS 

CASE RATE 

PER 

100,000 

MORTALITY 

PERCENTAGE 


SamaJiua District of Hawaii (1910-1944) 

1910 

3 

3 

30 

100 

1911 

5 

5 

50 

100 

1912 

7 

7 

70 

100 

1913 

4 ■ 

4 

40 

100 

1914 

4 

4 

40 

100 

1915 

4 

4 

40 

100 

1916 

0 

0 

0 

0 

1917 

5 

0 

0 

0 

1918 

0 

5 

50 

100 

1919 

7 

7 

70 

100 

1920 

4 

4 

40 

100 

1921 

4 

4 

40 

100 

1922 

12 

12 

120 

100 

1923 

1 

1 

10 

100 

1924 

o 

o 

20 

ion 

1925 

1 

1 

10 

100 

1926 

7 

7 

70 

100 

1927 

7 

7 

70 

100 

1928 

8 

8 

80 

100 

1929 

5 

4 

50 

so 

1930 

0 

0 

0 

0 

1931 

0 

0 

0 

0 

1932 

2 

2 

20 

100 

1933 

2 

2 

20 

100 

1934 

2 

2 

20 

inn 

1935 

1 

1 

10 

ion 

1936 

0 

0 

0 

0 

1937 

0 

0 

0 

0 

1938 

0 

0 

0 

0 

1939 

1 

1 

10 

100 

1940 

0 

0 

0 

0 

1941 

n 

0 

0 

0 

1942 

n 

0 

0 

0 

1943 

7 

7 

70 

ion 

1944 

5 

o 

50 

100 _ 

Total 

111 

110 

31.7 

99.1 

San . 

Francisco Outbreak of Plague (Second Outbreak) 


(Mag, 

1907, to February, 1908) 


1907 

158 

77 

40 

49 

1908 

2 

1 

0.5 

50 

Total 

160 

78 

20 

49 

Keio Orleans OuihreaJ: 

of Plague (June, 27, 1914, to Sept. 8, 1915) 


31 

10 

8.5 

32 


Army. The Surgeon General’s office stated that at the time penicillin was 
released for this experiment a similar experiment had been conducted on the 
mainland on guinea pigs ivith negative results. 


EXPERIMENTS 

A pure culture of Pasfeurella pestis organisms was prepared from a rat 
infected with plague which was found near the town of Honokaa in the nor i 
Hamakua area. The organism was identified by morphologj', clinical and patho- 
lo<iic reaction in guinea pigs, and by cultural characteristics. Guinea pip " 
ing from 250 to 300 grams were used as experimental animals since guinea pig® 
lu^e a known marked susceptibility to plague. Two thousand five hundre 
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ol’ganisras, as dotermiiied by tJie McFarland nephelometer and Petroff-Hausev 
counting chamber, were used in each mstance to produce plague in tlie guinea 
pigs. Inoculations were made intramnscnlarly ot' intraperitonealiy into animals 
previously given penioiiJzn or subsequently treated uith the dz-iig. When ani- 
mals died or were sacnficcd, oi^anisms ^Yere identified as PasteurcUa pcstis by 
their morphologj* in tissue smcai-s and by their biochemical reactions in culture 
media. 

Pejiicinin Administered Prior to Inocidation with P. pcstis (Table II). — 
One thousand Florey tniits of penicillm* were injected intramuscularly into 
eight guinea pi^ as follows • 72, 4S, 24, 8, 4, 3, 2, and 1 horn's prior to sub- 


TAeivE II 

Peniciluk Gwen Prior to Inoculatiox op Guinea Pros With 2,500 B. pestis Organisms 


GUINEA 

PIG 

DOSAGE 

AND 

ROUTE OP 
rSNICTLLlN 
(TmiT5/24 
im.) 

TIME 

FIRST 

ADMINIS- 

TERED 

(HR 

PRIOR) 

XMOUNT 

AND 

ROUTE 

or B. 

PESTI.S 

TIME OF 
DEATH AFTER 

B. PE-STIB 

INOCUEATJON 

(UR.) 

TOTAL 

UNITS 

rr.Ni- 

CILUN 

ADMINIS- 

TERED 

PE.VT1I (UR.) 

ArTER 

rENIClLLIN 

nn&T 

AD5USIBTERED 

CRCrAN- 

ISM 

REf.'OV- 

EREO 

1 


73 

2,500 R 

00 


1(58 

B pphtl*. 

2 

^RR 1 

72 

2,500 P 

100 

.2,000 

172 

15. pestiH 

3 

B 1 i S3| 

48 

2.500 S 

140 

2,aun 

388 

B pe^ti'i 

4 

B 1 1 

48 

2,500 P 

244 

2,000 

222 

B. pc-tis 

5 

1 ! Sqh 

24 

2,500 S 

48 

1.0(50 

72 

B, pe‘>hs 

<) 

B 1 ! 

24 

2,500 V 

244 

1.000 

208 

B. pEKtLs 

7 

B < I ikB 

S 

2,500 S 

00 

1,000 

()S 

B. 

B 

1,000 M 

4 

2,500 S 

<>0 

2,000 

04 

B, 

D 

1.000 U 

3 

2,500 S 

•JO 

1,000 

7o 

B po-n-- 

20 



2,500 8 

00 

1,000 

98 

B pp'-ti'v 

11 

BRililiill 

1 

2,500 8 

70 


71 

li. 


P. Sntrapcritoneally. 
AI, Intramuscularly. 
S, Subcutaneously. 


cutaneous inoculation with B. pcstis organisms; the dose was i*epeatcd at 24- 
honr intervals for the two animals started on pcnieilliu 72 and 48 hours before 
receiving the plague organisms. The same dosage of penicillin was injected 
iutraperitoncally into three animals at 24-liour intciwals 72, 48, and 24 hoiu’s 
previoiTs to intraperitoucal inoculation with plague organisms. All of these 
experimental animals died within 244 lionrs of the time of their inoculation with 
plague and at autopsy showed plague organisms in smears and baeteriologie cul- 
tures made from liver, spleen, and heart blood. 

PciiiciUm Administered ett ike Same Time <is piaadation With B. 

(Table III). —Four guinea pigs were given 1,000 units of penicillin, two by 
intramuscular injection and two by intraperitoneai injection, immediate!}' upon 
being inoculated with 2,500 B. pcstis oigitnisms (by the iutranutscular route in 
the case of two animals and by the intraperitoneai route in the other two), Tlie 
same dosage of penicillin was repeated cverj' 24 lioui*s until death. Four other 
animals received 300 units of peniedlin simultaneously with inoculation uith 
plague organisms and continued to receive 300 units every 3 liours until death. 
One of tliesc animals was hilled after 244 hours. All othei's died within that 
period. CtiUures and smcai-s at autopsy of these animals showed plague 
organisms. 

^>o..aEre based on report by JMmre. Jiakc. McKee nn.i MaermOomy on the to*icUy 
of penfcllUn for gtOnea ptssA 
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Table III 


Penicillin Started at Time of Inoculation op B. pestis (2,500) Into Guinea Pigs 


GUINEA 

DOSAGE 

AND 

TIME 

ADMINIS- 

TERED 

AMOUNT 

AND 

ROUTE 
OP B. 

PESTIS 

TIME OF 

DEATH AFTER 

B. PESTIS 
INOCfULATION 
(HR.) 

j TOTAL 
UNITS 

PENI- 

DEATH AFTER 

PENICILLIN 

FIRST 

ADMINISTERED 

(HR.) 

ORGAN- 

ISM 

PIG 

ROUTE OF 
PENICILLIN 

CILLIN 

ADMINIS- 

TERED 

RECOV- 
' ERED 


(units/24 








HR.) 






B. pestis 

16 

1,000 M 

Same 

2,500 P 

144 

5,000 

144 



time as 





B. pestis 

17 

1,000 M 

Same 

2,500 S 

112 

4,000 

112 



time as 




B. pestis 

18 

1,000 P 

Same 

2,500 P 

140 

5,000 I 

140 


time as 





B. pestis 

19 

1,000 P 

Same 

2,500 S 

104 

4,000 

104 


time as 






(UNETS/S 







54 

HR.) 
300 M 

Same 

2,500 P 

144 

10,500 

144 

B. pestis 



time as 






55 

300 M 

Same 

2,500 S 

196 

14,200 

196 

B. pestis 



time as 





B. pestis 

56 

300 P 

Same 

2,500 P 

100 

7,500 

100 

57 

300 P 

time as 
Same 

2,500 S 

Sacrificetl after 

18,400 

Sacrificed after 

B. pestis 



time as 

244 


244 



P, Intraperitoneally. 
• M, Intramuscularly. 
S. Subcutaneously. 


Penicillin Administered Subsequent to Inoculation With B. pestis (Table 
IV). — Penicillin, was injected inti’amnscularly and intraperitoneallj’’ in vaijnng 
dosages into sixty guinea pigs inoculated either subcutaneously or intraperi- 
toneallj'^ with 2,500 B. pestis organisms. Treatment was begun 24, 48, 72, , 

or 120 hours after inoculation with plague, and continued until death or unti 
244 hours, when the animals were sacrificed and autopsied. In all of these ani 
mals B. pestis organisms were seen in large numbei’s in tissue smear’s at autopsy 
Ten thousand units of penicillin were given every 24 hours to four animals wi i 
advanced plague beginning 96 hours after plague inoculation in two 
and 120 hours after plague inoculation in the other two animals, and^ 1 > 
units were given each 24 hours to two animals 96 hours after inoculation 
plague organisms. Ten thousand units were given every 3 hours to two anim 
beginning 120 hours after they had received plague organisms. ^1 of these ani 
mals receiving heroic dosages died within 120 hours after penicillin admmis 
tion and were found to have plague organisms as determined by tissue 
and cultures. Larger dosages were not tried in earher stages of 
since Hamre and co-workei-s- found that dosages of from 7,000 to 12,000 un 
of penicillin per kilogram per day were fatal to guinea pigs. 

Controls (Table V). — Ten animals which were inoculated either subcutane 
ously or intraperitoneally with 2,500 B. pestis organisms 
One of these died after 48 hours, one after 72 hours, three after houi - 
after 112 hours, one after 216 hours, and two were still alive at 31b o 
were sacrificed at that time. B. pestis organisms were present m all oi 
death, including the two which were sacrificed. Two 3 ^onvs 

units of peniciUin per day for eleven doses and two given 300 units eve y 










Table IV 

Pknicillin ^Vdministered AFTEr: Inoculation- op B. pestis (2,500) Into Guinea Pics 


ORGAN- 

isit 

RECOV- 

ERED 


B. pestis 
IB. pestis 
IB. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 

B. pestis 

B. pestis 
B. pestis 
B, pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 


B. pestis 
B pestis 

B. pestis 

B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 
B. pestis 

' B. pestis 
B. pestis 


P, Intraperltoneatly- 
M. Intramuscularly. 
S, Subcutaneously. 


GUINEA 

no 

MSAGi: 

AND 

ROtTTE OP 
PENICILLIN 

TIME 

ADMINIS- 

rEERED 

(HR. 

AriEP.) 

AMOUNT 

AND 

ROUTE 

OF B. 

PESTIS 

20 

(units/24 

HR.) 

1,000 M 

24 

2,500 P 

21 

1,000 M 

24 

2,500 S 

22 

1,000 P 

24 

2,500 P 

23 

1,000 P 

24 

2,500 S 

24 

1,000 M 

24 

2,500 P 

25 

1,000 jr 

48 

2,500 S 

20 

1,000 P 

48 

2,500 P 

27 

1,000 P 

48 

2,500 S 

28 

1,000 M 

48 

2,500 P 

29 

1,000 M 

4S 

2,500 S 

30 

1,000 P 

72 

2;500P 

31 

1,000 p 

72 

2,500 S 

32 

1,000 M 

72 

2,500 F 

33 

1,000 M 

72 

2,500 S 

34 

1,000 P 

90 

2,500 P 

35 

1,000 P 

96 

2,500 S 

36 

1,000 M 

05 

2,500 P 
2,500 S 

37 

1,000 M 

96 

38 

1,000 P 

os 

2,500 P 

30 

1,000 P 

120 

2,500 S 

41 

1,000 M 

90 

2,500 S 

42 

10,000 P 

90 

2,500 r 

43 

1,000 M 

90 

2,S00 S 

44 

10.000 P 

90 

2,500 P 

45 

100.000 P 

90 

2,500 S 

40 

100,000 P 

90 

2,500 P 

47 

10,000 M 
10,000 P 

120 

2.500 S 

48 

120 

2.500 P 

50 

1,000 u 

120 

2,500 P 

51 

1,000 P 

320 

2,500 S 

58 

(UNITS/S 

HR.) 

.300 U 

24 

2,500 P 

59 

300 M 

24 

2,500 S 

00 

300 P 

24 

2,500 P 

01 

300 P 

24 

2,500 9 

02 

3Q0 M 

48 

2,500 P 

0.3 

300 M 

48 

2,500 S 

04 

300 P 

48 

2,500 F 

05 

300 P 

4S 

2,500 S 

00 

300 M 

72 

2.500 P 

07 

.300 M 

72 

2,500 S 

08 

300 P 

72 

2.500 P 

09 

300 P 

72 

2,500 S 

70 

300 M 

90 

2,500 P 

71 

300 M 

OG 

2,500 S 

12 

300 P 

96 

2.5C0 P 

73 

300 P 

90 

2.500 S 

74 

300 M 

120 

2 500P 

75 

300 M 

120 

2,500 S 

76 

300 P 

120 

2,500 r 


TIME OP 
DEATH AFTER 

B. PESTIS 
INOCULATION 
(HR.) 

TOTAL 

UNITS 

PENI- 

CILLIN 

adminis- 

tered 

DEATH AFTER 1 
PENICILLIN FIP.ST 
ADMINISTERED 
(HR.) 

8G 

2,000 

52 

72 

1,000 

! 48 

86 

2,000 

' 62 

172 

5,000 

348 

324 

3,000 

100 

96 

1.000 


124 

.3,000 

1 

72 

196 

6,000 

148 

176 

5,000 

12S 1 

144 

,3,000 

96 1 

200 

' 5.000 

I I2S 

152 

3,000 

SO 1 

121 

2,000 

49 1 

121 

2.000 

49 1 

98 

1 3,000 

I 2 

224 

1 5,000 

128 

230 

1 5,000 1 

1 134 

196 

1 4,000 

1 100 

200 

1 4,000 1 

1 104 ; 

Sacrificed after 

' 4,000 1 

Sacrificed after i 

244 


124 

Sacrificed after i 

5,000 , 

Sacrificed after 

244 * 


148 

148 

20,000 

52 

200 ' 

4,000 

304 

196 ' 

40,000 

100 

372 

soo.ooo 

76 

172 

300,000 

76 

240 

50,000 

120 

240 1 

50,000 

ISO 

216 

4,000 

96 

372 , 

3,000 

50 

96 

5,400 

72 

Sacrificed after 

16,600 ; 

Sacrificed after 

244 

I 

220 

Sacrificed after 

36,600 1 

Sacrificed after 

244 


220 

220 

34,800 

196 

372 

9,300 

124 

112 

4,800 

64 

72 

3,000 

24 

346 

9,000 , 

100 1 

34S 

7,200 

72 

172 

9,000 

100 

130 

6,000 

58 

114 

5,100 

42 

148 

3,600 

52 

116 

3,000 

20 

196 

9,000 

100 

196 

9,000 

300 

Sacrificed after 

12,000 

Sacrificed after 

1 244 


124 

1 172 

5,700 

52 

! 196 

7,500 

70 
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Table rv — Cont’d 


GUINEA 

PIG 

DOSAGE 

AND 

KOUTE OP 
PENICILLIN 

TIME 

ADMINIS- 

TERED 

(hr. 

after) 

AMOUNT 

AND 

ROUTE 

OP B. 

PESTIS 

TIME OF 

DEATH AFTER 
' B. PESTIS 
INOCULATION 
(HR.) 

TOTAL 

UNITS 

PENH 

CILLIN 

ADMINIS- 

TERED 

DEATH AI'TER 
PENICILLIN FIRST 
ADMINISTERED 
(HR.) 

ORGAK- 

isn 

RECOV- 

ERED 


(UNITS /3 








IIK.) 







77 

300 P 

120 

2,500 S 

192 

6,900 

' 72 

B. pestis 

78 

5,000 M 

120 

2,500 P 

196 

7,500 

70 

B. pestis 

79 

5,000 P 

120 

2,500 S 

Sacrificed after 

205,000 

Sacrificed after 

B. pestis 





244 


124 


SO 

10,000 M 

120 

2,500 P 

148 

90,000 

28 

B. pestis 

81 

10,000 P 

120 

2,500 S 

172 

170,000 

52 

B. pestis 

82 

1,000 M 

120 

2,500 P 

172 

17,000 

52 

B. pestis 

83 

1,000 P 

120 

2,500 S 

196 

25,000 

76 

B. pestis 

85 

5,000 M 

144 

2,500 S 

196 

85,000 

52 

B. pestis 

86 

5,000 P 

144 

2,500 P 

196 

85,000 

52 

B. pestis 

87 

5,000 M 

144 

2,500 S 

196 

85,000 

52 

B. pestis 

88 

1,000 P 

144 

2,500 P 

Sacrificed after 

33,000 

Sacrificed after 

B. pestis 
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P, Intraperitoneally. 
M, Intramuscularly. 
S, Subcutaneously. 


Table V 


Control Guinea Pigs Inoculated With B. pestis (2,500) 


GUINEA 

PIG 

DOSxVGE 
AND ROUTE 
OF 

PENICILLIN 

TIaME 

ADMINIS- 

TERED 

AMOUNT 
AND 
ROUTE 
OF B. 
PESTIS 

TIME OP DEATH 
AFTER B. PESTIS 
INOCULATION 
(HR.) 

total 

UNITS 

PENI- 

CILLIN 

.U)MIN1S- 

TERED 

DEATH AFTER 

penicillin first 
administered 
(HR.) 

ORGAN- 
ISM RE- 
COVERED 

12 

15 

(UNITS 

daily) 
1,000 M 

1,000 P 

units/3 

72 hr. be- 
fore 

72 hr. be- 
fore 


Sacrificed after 
316 

Sacrificed after 
316 

11,000 

11,000 

Sacrificed after 
316 

Sacrificed after 
316 

None 

None 

52 

53 

HR. 

300 M 

300 P 

Same 
time as 
Same 
time as 

- 

Sacrificed after 
244 

Sacrificed after 
244 

19,200 

19,200 

Sacrificed after 
244 

Sacrificed after 
244 

None 

None 

STpesHT 
B. pestis 
B. pestis 
B. pesb-' 
B. pestis 
B. pestis 
B. pestis 
B. pcstip 
B. pestis 

B. pestis 



- 

2,500 P 
2,500 S 
2,500 P 
2,500 S 
2,500 P 
2,500 S 
2,500 P 
2,500 S 
2,500 P 

2,500 S 

72 

112 

48 

216 

'96 

112 

96 

96 

Alive ; sacrificed 
after 316 

Alive ; sacrificed 
after 316 

- 

- 

98 


- 

- 

Alive 


- 


Normal 

control 






— 




P. Intraperitoneally. 
M, Intramuscularly. 
S, Subcutaneously. 
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until a total of 19,200 units had been given showed no symptoms of illness 
and no gross ox- microscopic pafhologj' at autopsy after being sacrificed. 
Although the xvidcspread variation in the time of deatii after plague inocula- 
tion of the control animals and of the animals receiving penicillin does not 
pennit any accui’ate statistical compawson, it can be said that there was no 
apparent prolongation of life caused by penicillin administration. 


TADije VI 

In Vitro Eprect of Penicillin on B. pestis at 29* C. (2,500,000 B. testis Organisms in 
1 c.c. OF PnysioiOGic Saline S(ii-ution) 


TOTAL UNITS OF 

penicillin 
(in 10 C.C. 

DUNHAM 'S PEPTONE) 
10 
100 

1,000 

10,000 

20,000 

30.000 

40.000 

50.000 

60.000 

70.000 

80.000 

00,000 

100,000 

200,000 

300.000 

400.000 

500.000 


organism RECOVERED 
AFTEi; 6 DAY.S 


B. pestis 
B. pestis 
B, pestis 
B. pestis 
B. pestis 
B. pestis 
B. pesti.s 
B, pestis 
B, pestis 
B. pestis 
B, pestis 
B. pestis 
None 
None 
None 
None 
None 


In Vitro (Table VI).— Sterile test tubes containing 10 c.c. eaeli of Dun- 
ham^s peptone in which varying eoncontrafions of penicillin had been dissolved 
were each seeded with 1 c.c. of a saline suspension of a 24-hour veal-infusion 
agar groudh of Pastew’cUa pestis. The B. pestis suspension contained approxi- 
mately 2,500,000 organisms per cubic centimeter. Tlicse tubes wei’C incubated 
at 29° C. for six days and transplants made to test for sterility. Concentra- 
tions of penicillin of 100,000 units or greater were i-equiiTd to kill the inoculum 
of 2,500,000 B. pestis organisms. 


CONCLUSIONS 

1. Plague is a sci'ious public health problem in tlie north Hamalma aioa 
of the Island of Hawaii. 

2. In this experiment penicillin appeared to be of no benefit in combating 

bubonic plague in guinea pigs. . , , 

3. In vitro, a concentration of 100,000 units of penicillin m Dunliam s 
peptone solution was required to kill an inoculum of 2,500,000 B. pesUs organ- 
isms when incubated at 29° C. for six days. 

TJie authors wish to express tlieir appreciation to Sgt. George T. O'Dea and Pfe. John 
Wilson for their assistance in conducting the in vivo experiments. 
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CONGENITAL HEMOLYTIC ANEMIA IN A NEGRO 

J. H. Scherer, ]\I.D., and Richard C. Cecil, M.D. 

Richmond, Va. 

C ONGENITAL hemolytic icterus has been reported only once in the Negro 
raced Because the condition apparently is rare in this race, it seems worth 
while to report the occurrence of such a case which has come under our 
observation. 

case report 

A. r., a 14-year-old, dark-skinned Negro girl, was admitted to St. Philips’ Hospital 
April 17, 1944, because of anemia and a low-grade fever of undetermined origin. She had 
been well until eleven weeks previous to admission. At that time she had developed a sore 
throat followed by a painful right wrist with no further joint symptoms. At the time of the 
first examination, her physician found the hemoglobin to be 6.5 Gm. per 100 c.c., and, as she 
continued to run a low-grade fever, she was referred to the local hospital. There the hemo- 
globin was recorded as 9.0 6m., and it was noted that there was enlargement of the heart and 
spleen. She was given one transfusion and intramuscular liver and bismuth injections, the lat- 
ter because of the finding of a positive Wassermann. She left tlie hospital apparently unim- 
proved, and in the interim prior to her admission here, two x-ray pictures of the chest, made 
because of slight loss of weight, were negative. 

Past history was essentially negative. 

Family history: The mother died when the patient was 9 days old. No information 
was available as to the cause of death. The father and one brother are living and in good 
health. There were no other children. 

Physical examination revealed a well-developed, well-nourished Negro girl, ''vith the 
usual dark color seen in the average Negro in this region, Ijnng in bed in no acute distress, 
temperature 101° F.; pulse, 134; respirations, 34. There was a slight icteric tint to tie 
sclerae. The heart was moderately enlarged to the left. Eoentgenogram of the' chest shoved 
a mitral configuration of the heart. There was a loud blowing systolic murmur over the en- 
tire precordium, best heard over the pulmonic area. No thrills were noted. Blood pressure 
was 144/80. The cardiac consultant believed the cardiac findings to be those of chronic 
anemia. The spleen ^vas markedly enlarged and presented a firm sharp edge. There was 
slight edema of both ankles. The cervical, axillary, and inguinal nodes were moderately cn 
larged, discrete, and nontender. All other findings were essentially normal. 

Laboratory examination: Electrocardiogram showed sinus tachycardia, a rate of 1"^ 
136 per minute; no right axis deviation. Urinalysis was normal. Blood e.vamination. r 
blood cells, 2,520,000 per cubic millimeter; hemoglobin, 6.2 Gm. per 100 c.c.; white blood ce 
15,600, with 82 per cent polymorphonuclear neutrophiles, 1 per cent eosinopliiles, 1 per een 
basophiles, 14 per cent lymphocytes, 2 per cent monocytes; reticulocji:es, 17 per cent; icteric 
index, 16 units. Fragility test using the method of Sanford revealed hemolysis beginning 
at 0.75 and complete at 0.42; controls, 0.44 to 0.32. The red blood cells did not show 
sickling phenomenon. The Wassermann test was negative. 

Course: In view of these findings, congenital hemolytic jaundice was tliought to^^^^ 
the most plausible diagnosis. The blood film showed typical microspherocytosis 
diameter of 7 microns. The fragility test when repeated showed hemolysis starting at O.i 
completed at 0.42. Biopsy of an axillary- lymph node showed moderate hyperplasia wit 
tered reticulum cells containing blood pigment. With rest in bed, the anemia improve 
April 29, the date of splenectomy, the red blood cell count was 2,900,000 per cubic mi mie i 
the hemoglobin, 8.7 Gm. ; and the ictprus index, 16 units. 

At operation a spleen weighing 465 grams was removed. There was some 
splenic tissue at the hUus of the organ. The capsule was smooth and glistening am w 

From the Department of Medicine. Medical College of Virginia. 
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deep bluish-purple color mottled with several irregular reddish-purple areas. On section the 
follicles appeared quite prominent, but there appeared to be only a slight increase of fibrous 
trabeculation. The organ was somewhat firmer than usual. Microscopically, the spleen showed 
prominent, irregular sinuses and marked congestion of pulp with many cells containing blood 
pigment. It was thought that the appearance was consistent with the spleen of congenital 
hemolytic icterus. 

By May 14 the patient was greatly improved, and laboratory examination revealed the 
following; red blood cells, 3,580,000 per cubic millimeter,- hemoglobin lO.G Gm.; white blood 
cells, 11,150, and a normal differential. Fragility began at 0,60 and was complete at 0.33. 
This was repeated May 17 when hemolysis began at 0.54 and was complete at 0.39. Micro- 
spherocytosis was present and there appeared to be no increased regeneration. The patient was 
discharged May 20 in excellent condition. 

Sho returned for rc-examination Aug. 10, 1944, and appeared to be in perfect health. 
The cardio-thoraeic ratio was found to be reduced to 40 per cent as compared to 55 per cent 
when the patient was in the hospital before splenectomj'. The systolic murmur, believed to be 
functional, was still present. Laboratory examination showed the following: red blood cells, 
4,490,000; hemoglobin, 15.3 Gni.; white blood cells 5,000; and an icterus index of 8 units. 
Hemolysis began at 0.54 and was complete at 0.30. The blond films showed microspherocytes. 

FAMILY STUDY 

The family’ was well established in a rural community of Virginia where 
its members had resided for some years. Questioning of white persons in the 
community did not shed any liglit on the possibility of the presence of white 
blood in the family background. A fourth-year medical student from the com- 


Table I 



BULATIOKSUIT 

COLOR 

Uicno- MEAN CELL 

SPHEROCTTOSIS DIAMETEr. 

1. 

Patient 

Daik 

+ 

7.0 

2. 

Aunt oa father's side 

Tan 

- 

8.0 

3. 

Grandfather on father’s side 

Tan 

- 

7.9 

4. 

Grandmother on father's side 

Tan 

- 

7.7 

5. 

Uncle on mother’s side 

Tan 

- 

8.0 

0. 

Undo on mother's side 

Tan 

+ 

O.G 

7. 

Grandmother on mother’s side 

Dark tan 

+ 

<.L' 

8. 

Undo on father's side 

Quite light 

- 

8.0 

9. 

Aunt on father’s side 

T>T)ical Negro 

- 

8.0 


munity carried out this survey, securing blood films on the various members of 
the family. These were studied by Dr.' Russell Haden and the results are re- 
ported in Table I. Three other members of the family ivlio visited the hospital 
wore also studied, although mean cell diameters were not obtained. In none was 
the spleen palpable. Studies on these arc recorded in Table II. 

Blood films obtained from the father and uncle showed small cells, many 
well filled with hemoglobin and highly suggestive of microsphei-oeytosis. The 
increased reticulocytes in these two, as showni in Table II, in the light of the 
high hemoglobin is interesting as is the increased icterus index. Films from 
the brother showed no microspherocytes, although the cells appeared small for 
an 18-.year-old boy. 

Table U 



HEMOGLOBIN 

fPEr.CENT) 

RETICULOCYTES 

(per cent) 

ICTERIC INDEX 

(units) 

FRAQIUTY 

Father 

Unde on father's side 
Brother 

110 

94 

102 

3 

3.2 

1.2 

8 

10.5 

4,5 

0,42 to 0.30 

0.42 to 0.30 

0.48 to 0.33 



246 


SCHERER AND CECIL 


DISCUSSION 

Many textbooks describe congenital hemolytic icterus as occurring “in all 
races and climates.” However, one of ns (J. H. S.), in a relatively extensive 
expei’ience with the blood of Negroes, had never encountered the disease in tiic 
race. After ten years ’ experience as hematologist associated with the large Negro 
hospital and clinics of the Medical College of Virginia, he had begun to feel that 
congenital hemolytic icterus did not occur in the Negro, sickle-cell anemia pos- 
sibly being its counterpart. 

Wintrobe^ states that he has “encountered one instance (of congenital 
hemolytic icterus) in a Negress of undoubtedly mixed blood.” Various re- 
views^'® do not record the disease in the Negro race. Haden^ and Kracke,® both 
interested in congenital hemolytic icterus, haim not observed the disease in a 
Negro. 

The significantly altered er 5 'tbroeyte diameters in the family group are in 
the uncle on the mother’s side, with a mean cell diameter of 6.6, and the grand- 
father on the mother’s side. The uncle was described by the investigator as 
“tan,” the grandfather as “dark tan.” 

A confusing finding is the definite microsphcroeytie tendency with increased 
reticulocytes and icteric index on the father’s side. It would be assuming too 
much to suggest the presence of the trait on both sides of the family. The father 
could recall no historj’- of jaundice in the family. 

It is possible that congenital hemolytic anemia does occur in full-blooded 
Negroes, although it has not been recorded previously. Infectious mononucleosis, 
for instance, only recently has been observed in the race. It may well he that 
less adequate hematologic studies have contributed to this oversight. On the 
other hand, the interbreeding of the trait through miscegenation in the family 
background cannot be excluded. The disease in the Negro must be rare, and this 
rarily is to be expected if the trait is found in the Negro only after inbreeding- 
Congenital hemolytic anemia is a comparatively uncommon disease in the white 
race. The probability of transmission through miscegenation must be infinitesi- 
mal. 

SUMMARY 

The first case of congenital hemolytic anemia to be reported in detail m 
the Negro race is recorded. Apparently the disease, though rare, does occur 
among Negroes. The probability of transmission of the trait through misce- 
genation is discussed. 

Tilt authors wisli to acknowledge the kindness of Dr. Bussell L. Hadcn, for measuring 
the red cell diameters, and of Mr. E. G. Field, for conducting the family surrey. 
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THE LIFE DURATION OP THE RED BLOOD CELL OP THE 
JIACACUS RHESUS MONKEY 

0. G. Harne, John P. Lbtz, Grace I. Zisimerjian, and Carl L. Davis 
Baltimore, Md. 

M any efforts liave been made to establisli the life duration of the erythro- 
cyte in the eirculatinpf hlood. Such diverse mammalian forms as the rat, 
rabbit, dog, monkey, and man liave been studied and many different approaehes 
to the proi)Iem iiavc been used. It is not the purpose of this paper to eover 
the literature on tlie suhieet more tlian to indieate the ehief avenues of attaek. 

Ashby' employed differential asslutination of transfused hlood eells as an 
index of their persistence and eoneliided tliat tlic erytlirocyte of man possessed 
a life duration of tliirt}’ days or more. Later, Isaacs' .slioivcd tliat the agglutina- 
tion I’csponsc could not be relied upon to identify transfused red cells beyond 
the second to the fourtii da.y following transfusion. Baton and Damrcn' utilized 
the young oiTthroeyto (or retieulocytel as an indicator of red cell replacement 
following hemorrhage. Tlicy .showed tliat in tlio rabbit following hemorrhage 
new groups of reticulocytes invade the eireuhition rliytlimically at intervals of 
from eight to nine days. Sueli intervals were interpreted as representing the life 
duration of the red hlood cell in this animal. Escobar and Baldwin* studied the 
eifeefs of altered oxygon tension on the blood of rats. Tiie time required for 
restoring the erythrocyte count to normal following lowered oxygen tension was 
interpreted as representing the life duration of the circulating red blood cell. 
Tliis they found to he from eleven to thirteen days. Hawldns and 'Whipple* 
employed bile pigment output as an indicator of erythrocj-tic disintegration. 
These workers found the interval between a sudden blood depletion in a dog 
and a subsequent sudden rise in bile pigment output to average 12-1 days. This 
time interval, they believe, represents the days between tlic influx of an eiy- 
tlirocyte population induced by sudden hlood cell depletion and the subsequent 
time of disintegration of this cell group and hence represents the life of the 
red hlood cell of tlic dog. Harne and associates* using the approach of Eaton 
and Damren, studied the blood of tlic albino rat. It was found that the life 
span of the red blood cell was between eight and nine days. This life span 
agrees witli that of the rabbit. 

In the present study monkeys were subjected to acute licmorrhage and tlic 
changes in the blood picture which follow' were ohscn'cd daily. Not all these 
obsen’ations will be discussed here. In this paper we sliall consider the experi- 
mental procedure and those results wliicli relate specifically to the life span of 
the red cell. 

It has boon established in all animal foi-ms tims far studied that wlien large 
numhoi-s of red colls are removed from an animal’s circulation by Iiemorrhage, 
the cells which arc thus lost will be promptly replaced by a large number of 

Prom the Dcp.-irtracnt or HIstolosy end Cmbrj-olom-. tlnlvcrsltj' or Maolnnd. School of 
ilcdicinc. 
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reticulocytes. When supravitally stained, these reticulocytes can be identified 
and counted. Thus by using the reticulocyte count as an indicator, it is pos- 
sible to evaluate the degree of red cell replacement. 

It is obvious that when a population of circulating red blood cells is ab- 
ruptly removed, as by hemorrhage, and a group of young cells promptly replaces 
those lost, there will exist in the blood stream a group of red cells all of which 
are approximately the same age. If all red cells have about the same span of 
life, a block of such young cells should mature together and go on through life . 
as a functioning unit, finally to become senile and disappear en masse. This 
physiologic depletion of a cell population simulates in effect a depletion by 
hemorrhage and thus spontaneously initiates a replacement reticulocyte shower. 
This spontaneous replacement of cells can again be detected and evaluated as 
before by the reticulocyte count. Such a sequence of reactions has been shown 
to occur in all animal forms thus far tested.^- “ 

The time lapse betiveen the appearance of the first replacement block of 
young red cells following hemoi'rhage and that of the second (spontaneous) 
block should express the life tenure of the red blood cell in the animal studied. 
This paper presents the evidence of such a sequence as it occurs in the monkey. 


ANIMAL MATERIAL 

Ten young macacus rhesus monkeys were used, four males and six females. 
The ages at the beginning of the experiment (September, 1941) were estimated 
to be between 6 and 7 years (Table I). They were kept in separate cages except 
when permitted to exercise together. Each animal was fitted with a stout collar 
and a chain by Avhich it could be controlled. For a period of several montlis 
preceding experimentation aU were schooled to leave the cage and climb upon 
a table located near by. Here they were covered -with a net which was secured 


Table I 

Showing Age, Sex, Weight, and Condition op Anim-vl Material With Notes on 

Training and Inditidijalitt 


ANIMAL 

NO. 


2 

3 

4 

5 

6 

7 

S 

9 

10 


SEX 


F 


F 

F 

F 

M 

M 

M 

M 

F 

F 


ESTI- 

MATED 

AGE 

(YR.) 


WEIGHT 

(KG.) 


4.6 


4. 

4 . 

4. 

4.4 

4.4 

4. 

3.6 

3.4 


PHYSICAL 

CONDI- 

TION 


Good 


Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 


REACTION 

TO 

TRAINING 


Poor 


Fair 

Excellent 

Excellent 

Excellent 

Excellent 

Good 

Poor 

Fair 

Fair 


NOTATIONS ON INDIVIDU-^LITY 


iNever Uecame tame; ivould 
nervously assist operator inth 
restraining net; excellent 
subject 
Ugly, mean, and tliiewsli 
Good subject; bossy; amorous 
Good subject; sliakes imnds 
timidly ; shy 

Good subject; would be doss 

of colony , . -oi, . 

Good subject; vain; tluevisn; 
very playful 

Good subject; big bluffers; 
playful 

Does only what he has to 
Eesponsive; devilish 
Eesponsive but does tilings her 
own way 
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to the table top by means of a system of sliding bloclcs. Under the net the ani- 
mals were petted and offered favorite articles of food. 

Eventually they would accept the food and sit quietly while being handled. 
Each responded in a different way to the total treatment, but all learned to 
climb upon the table and wait to be covered with the net. One animal (No. 1) 
actually learned to assist the technician with the preparations (Table I). 
At no time during the experiment did wc notice any evidence of resentment or 
objection to the tests. 

The net used was an ordinarj' pickerel net 18 inches deep, mounted upon 
a .square frame made from % inch metal rod bent into a 14-inch square. Tlie 
ends of the rod were bent out and brazed together to form a handle. 

Taking the Btood . — Blood for the various tests was obtained by three dif- 
ferent metliods. Small amounts of blood for the liemoglobin estimation and 
reticulocyte, differential, red and white cell counts were taken from the ear 





STEP 3. 

cur OFF AT C&D 


0 



REPEAT AS IN A 


-Pig. 1.— Showing steps In the fabrication of the Wood-coUectlne and staintne pipette. 


by quickly snipping the free auricular border with a pair of small sharp scis- 
sors. Only the reticulocyte preparations so obtained are further considered in 
this paper. Larger amounts of blood, 1 to 5 c.c. for hematocrit determinations, 
were taken from the superficial veins of the legs, and the largest amounts, 5 
to 50 C.C., the so-called licmorrhagc, used to induce reticulocytosis, were taken 
from the femoral vein after the latter had been exposed under light anesthesia.* 

Preparation of licticulocvte Films.— The best preparations of reticulocytes 
in monkey blood wore obtained by the pipette metliod. This requires a blood 
pipette made for tlic purpose and a proper staining solution. 

Pipcftc.— The pipette used (Fig. 1, B) is spindle shaped and about 12 cm. 
long. The caliber at tlic tip is about 1.5 mm. mid at the expanded central 
Portion, about 6 to S mm. The distal end is not important except that it must 
he open. The pipette can he di-aim into shape from a piece of ordmarj- glass 
tubing 15 mm. in diameter. In fabricating it, the end of the tube is first dra.vn 


•Anesthesia waa induced by the intravenous injection oC a fresh ncueous solution of • 
her cent Nembutal— 5/1 c.c. per kilogram body weight. 



250 


HARNE, LUTZ, ZEMMERJIAN, AND DAVIS 


out to the length and diameter required to form the tip of the pipette. The 
flame of the blast lamp is then played upon the shoulder of the drawn out portion 
(Pig. 1, A) to soften it just beforb it is pulled into shape B, Fig. 1. This 
method gives a good taper to the spindle and a sufficiently large bulb to insure 
proper functioning. 

The Staining Solidion . — The stain is prepared as follows : 


Brilliant cresyl blue 
Potassium oxalate 
Merthiolate (1-1,000) 
Sodium chloride 


1 per cent 
.5 per cent 
.025 per cent 
.8 per cent 


Dissolve the brilliant cresyl blue in distilled water at room temperature by 
shaking for fifteen minutes in a shaker. Let stand overnight. Shake again 
for fifteen minutes and filter through a medium textured paper which is rapid 
and fairly retentive. Add the oxalate, merthiolate, and sodium chloride. Make 
up to volume with distilled water and the stain is readj'^ for use. The solution 
keejos very well but must be stored in a tightly stoppered bottle. 

TJse of the Pipette . — Hold the pipette in a vertical position; touch its tip 
to the surface of the staining solution. Capillary attraction will cause the stain 
to rise in the pipette to a distance of from 1.5 to 2 cm., depending upon the 
caliber of the capillary. The stain -will remain in position until used unless it 
is handled roughly or touched against an absorbent. The stain should not be 
kept in the pipette too long or evaporation Mill change its ion concentration 
and so affect its isotonieity vith blood. 

Hold the pipette in a horizontal position and touch the tip, filled to the 
end M’ith stain, to the surface of the freshly formed drop of blood. Blood at 
once enters the pipette. The amount of blood so admitted is not too important, 
but it is M’ell to limit the quantity to an amount equal to the volume of stain 
used. 3Iix the stain and blood promptly by first holding the tip of the pipette 
up until the mixture floM's doM'n almost to the bulb and then quickly turning 
the tip down. Do this several times, or until mixing is complete. Do not bold 
the pipette tip up too long or the blood muII Aom" into the opposite end of the 
pipette, air-locking the contents. This does not harm the preparation but makes 
it very difficult to agitate and remove the mixture. Smears should be made 
from the pipette after about five minutes. Fir.st agitate the contents as described, 
and then immediately place a small di’op of the mixture upon the surface of 
a perfectly clean slide and spread it in the usual manner, using the end of 
another clean slide as a spreader. Allow the films to dry in the air ; mount in 
balsam if permanent preparations ai’e desired. Examination of the films maj 
be made immediately Muthout counterstaining, but some prefer to counterstam 
Avith AVright’s blood stain. AVhelher counlei-stained or not, these preparations 
hold up very iveU. 

Another tj-pe of preparation is now being used extensively and can be 
made from the blood-stain mixture in the pipette as folloivs : Place a medium 
sized drop of the blood-stain mixture in the center of a clean slide and cover it 
Avith a clean cover slip. Seal the edges of the cover slip Avith paraffin. A1 om 
to stand for a feiv minutes to permit the cells to settle and examine as usiia . 
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Tliis so-called “ivet-proparatioii” is by far the best method for studying the 
colls and their inclusions. The preparations so made, iioivever, are not perma- 
nent. 

Countiny the Heticiilocijtcs. — The wticiilocyte count is accomplished by 
first exploring tiie smear under low power for an area in wliich the cells are 
evenly distributed and moderately se])aratcd. The area thus located is then 
studied under oil immersion and usuady found to contain about 100 red cells 
per field. Starting from a given point within this area, and counting adjacent 
fields, 1,000 I’ed cells are counted. The reticulocytes are recorded separatel}' 
for each block of 100 red cells. This block system of recording is employed to 
give data on the distribution of the reticiiloeyfcs within the area counted. Upon 
completion of the count the retieulocytcs arc summed up and c-xpressed in per 
cent or, better still, as reticulocytes per 1000 red cells. 

Reticulocyte Level in the Monhey Under Control Conditions. — Tests were 
begun as soon as the animals became accustomed to the training routine. Each 
animal underwent standardization of his own reticulocyte output by being sub- 
jected to daily reticulocyte counts. E-\perience showed that from ten to twenty- 
days wore sufficient to get the pattern of rctieuloey-te production (Table II). 

Two animals (Nos. 2 and C, Fig 2) were kept as controls throughout the 
course of the c.xperiments. Both were ultimately subjected to acute liemorrhago 
and reacted as normal animals to this procedure. The terminal record of Ani- 
mal No. 2 appears as No. 2, Series 2, Fig. 4. The terminal record of Animal 
No. 6 does not appear, as the e.xperiment was terminated after the initial reac- 
tion. In this way, all animals of the colony contributed to the results reported 
hero. The combined control and experimental period.s of Animals 2 and 6 
afforded continuous daily records of the relieiilocyte counts for 287 and 220 
da.vs, respectively. 

The average control level of reticulocytes for the colony (ten animals) 
was 10.9 retieuloeytes per 1,000 red cells. Coincidcntly the average reticulocyte 
level of the male control animals (No. 6), whose control period extended over 
a period of 174 days, was also 10,9. 

The average control count for the males (four animals) was 10.3 and for 
the females (six animals), 11,3 per 1,000 red cells. 

The highest average level in a single animal was 1C.7 per 1,000 over a 
twenty-day period, found in a female (No. 1, Scries 2, Table If) also (No. 1, 
Series 2, Fig. 4), The lowest record, 8.5 per 1,000 over a 70-day period, was 
shared by two males (Nos. 7 and 8, Table II, and Nos. 7 and 8, Pig. 3). 
The initial high level of Animal 1 was accepted as a control value because of 
its constancy even though the value seemed high. Subsequent analyses of these 
data show that this was not an error. 

It is seen (Fig. 2) that the average value of 10 reticulocytes per 1,000 is 
about correct for the monkey when dctci-minations arc carried out over long 
periods, as this line cuts the long control curves of Animals Nos. 2 and 6 
through the center. There arc long periods, however, when the curves rise above 
or fall below this level. We believe, therefore, that the variation in the control 
levels of the experimental animals which showed variations can be ascribed to 
the varying activity of cell prodnetion at the time the control tests were made 
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oml 6 over periods o£ 185 and 174 days, respectively. 
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Table II 


Showing (1) Length or the Control Pemod, (2) Type and Amount of Hemorrhage, 
(S) CoNTEor, RErrcuLoCYTE Level as Pound by Daily Counts, and (4) Length of Life of 
Red Blood Cell 


ANIMAL 

NO. AND 
EXPERIMENT 
NO. 

NAME 

AND 

SEX 

CONTROL 

PERIOD 

(DATS) 

TYPE OF 
HEMOEBHAOE 
AND AMOUNT 

AVERAGE 

CONTROL 

LEVEL 

RETICULOCYTES 
(PER 1,000 
P~B.C.) 

LENGTH OP 
LIFE RED 
BLOOD CELL 
(DATS) 

1 

Jiggs 

F 

20 

Acute 

40 C.C. 

8.S 

105 

1, Series 2 

jiggs 

F 

20 

Fractional 
99-0-9 C.C. 

16.7 

203 

2 

Susie 

F 

185 

Control 

10.5 

Control 

2, Series 

Susie 

F 

10 

Fractional 

10-10- jo-ao C.C. 

16.1 

112 

3 

Oscar 

F 

20 

Acute 

41 C.C. 

9.2 

94 

4 

tVindy 

F 

20 

Fractional 
12.5-19-15-16 C.C. 

11.2 

101 

5 

Spike 

yi 

20 

Fractional 
23-23-23*23 AC. 

14.3 

102, 

5, Series 

spike 

M 

20 

Acute 

43 C.C. 

10. 

103 

G 

Pete 

M 

174 

Control 

10.9 

Control 

7 

Bufo 

M 

70 

Acute 

40 C.C. 

S.5 

111 

Estimated 

S 

Liglitning 

yi 

70 

Acute 

43C.C. 

8.5 

117 

£) 

Flo 

F 

81 

Acute 

27 C.C. 

11.2 


10 

Tess 

F 

81 

Acute 

34 C.C. 

12.2 



and is to be expected when short control periods are used. Animal No. 1 was 
a good example. This animal gave widelj- different control values at periods 
separated by intervals of six montlis (16.7 and 8.8, respectively), using twenty 
days in each case as the control period. 

The Effect of Hemorrhage Upon the Hemopoietic Sj/stem.-^FoWovdug the 
establishment of individual control reticuloc^'te values, eight of the ten animals 
were bled. The amount and type of hemorrhage so induced are .shorni in Table 
II and in Figs. 3 and 4. Subsequent to bleeding, daily reticulocjnc counts were 
continued for a period of approximately 130 days and the data so obtained 
plotted. The resulting curve resolves itself into three parts. The first or 
initial phase extends over a period of from twenty to thirty days. During 
this phase the reticulocytes rapidly increase in number and then subside to 
control level or lower. In the second or interval period tlie rGtieuloc 3 'te count 
remains at approximately control level. This extends to about the eightieth 
day, following which a recrudescence of reticulocytes produces a second eleva- 
tion or spontaneous phase. The latter and its return to control level constitute 
the terminal phase of the curve. The first elevation is interpreted as a mass 
influx of red cells from tlie bone maiTOw to roploco the loss occasioned by 
bleeding. The second period is regarded as a stabilized phase following the 
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Piff. 3. — Showing reticulocyte counts following the withdrawal of blood equivalent to 1 pc'" 
cent of body weight at one operation. 


restoration of the blood population to normal. The third period represents 
a spontaneous reticuloeytosis, the function of which is to replace the g^roup of 
cells released during the first period following the hemorrhage and which arc 
now disappearing more or less in mass from tlie circulation. 

This three-phase tj'pe of curve has been obtained in eight of eleven expeii- 
ments (Table III). In seven experiments, the animals were deprived of blood 
equivalent to 1 per cent of their bodj' weight by a single operation (Fig. 3). 
In four experiments the animals were bled fractional!}'; approximately .5 per 
cent of the body weight in blood was removed at intervals of seventy-two hours 
(Pig. 4 and Table II). xVll animals (four) bled fractionally gave the three- 
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Fir 3.— (Confd ) 


phase type of curve described. It sliould be pointed out, however,^ that the 
interval period in cacii o£ liiese exporimonts shows qualitative deviations from 
tlio olassieal picture and arc not as smooth as tlic more typical curves in Fig. 3, 
which were ohtained hy single acute withdrawals of blood. 

Disctission.— From the data submitted it is seen that animals in eight of 
eleven experiments unqucstioiiaiily exhibit a sjionfancous rctienlocytosis after 
recovery from acute hemorrliage (Tal.le III). This spontaneous reaction always 
appears after the eleveiitli week following hemorrliage and in no case has it been 
seen during the interim. That this is a specific reaction and not a coincidence 
is proved bv the fact that it is completely lacking in the control animals (Fig. 2). 

nuc to the normal daily nuctuation of the reticulocyte counts in some sub- 
jects, it is not always easy to recognize a spontaneous rcticulocytosis when it 
is actually present. (No. 5, Fig. 3). Indeed, without the evidence provided by 
more pronounced reactions, it is doubtful if sucb le.sser reactions wou d be rec- 
ognized at all. However, if, instead of sti-essing the reticulocyte peak readied 
in any one day, the volume of red cells being thrown into the circulation over a 

Table III 

Siiowixr. NUMBEr. op E-xpehimests axd Tvrss of nE.vCTioxs 


Number of experiments reporteil 
Number of control.'? 

Poaction to licmorrhage tvnipallv 

Number of animals wlucli did not r - i )P 
Nnnilier of animals giving spile r™''"" . 

Number of aaimals giving sustninea rcaclion 
Numljcr of spontaneous reactions 
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period of days is computed (No. 1, Fig. 4 and Table IV), such mild reactions 
as that shown No. 5, Fig. 3, assumes its proper significance. "When this is 
done it is seen that the first phase of the reticuloejde curve always shows a 
maximum volume of reticulocytes; the interval period, a minimum reticulocj'te 
value; and the terminal or spontaneous reaction, a level somewhere between 
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Table IV 

SH0^V1^'G EEnCULOCYTE OCTPUT OF ZxOl ANIUAL ^ExCETT CO.VTEOL:) DnaXfi (1) CONTKOL 
PETJOD, (2) INTTLO. KEACTION', (3) IXTi3:rAl, AND (4) SPONTANTOrS Keaction* 


j KriiL-CLOCTTE orrpcT peeing feeiod or days cited in col. 3 




NxriiDiyi or 

DATS 

OETptTAT 

CONTROL 

LEVEL 

ouaoo 
rir. CENT 

(CELLS) 

I INTTIAl. 

1 EEACnON 

rsTET.TAL 

ornTT 

SPONTANEOUS 

EEACnON 

NO. AND 
rypxsi- 
mentno. 

EEACnON 

TYPE 

mUZED 

IN TEE 
SUBSEQUENT 

rour. o-iE' 

PUTATIONS 

i re. 
OnrCTj CENT 
(CELLS)! or 

Inoumal 

OUTPUT 

(CELLS) 

rrn 

CENT 

or 

NOrJIAL 

orrPCT 

(CEOLS) 

PET. 

CENT 

or 

NOEH.VL 

1 

tpiie 

40 

.I?-"' 

' GSl IS3 


0S.5 

506 

136 

a, 

Series!? 

Sustained 

30 

27{> 

613 220 

SOI 

lOS 

456 

173 

2 

Control 

iSo 

Oontrol 

Control Control 

Control 

Control 

Control 

Control 

Series 2 

Snstained 

20 

ir< 

573 321 

257 

155 

400 

229 

3 

Spite 


26-5 

4P0 

210 

71 


S4 

4 

Sastained 

40 

400 

$00 202 

oCO 

127 

560 

140 


Sustained 

25 

250 

t-OG 


115 


145 

0, 

Series 2 

Sustained 

27 

270 

024 2S1 

2ol 

03 

513 

117 

G 

Control 

174 

Control 

Control Conirv'l 

Control 

Control 

Control 

Control 


Spike 

40 


453 ISO 

300 

10$ 


103 

S 

Sustained 

20 

100 

370 220 

127 

70.5 

250 

169 

9 

Sustained 

42 

420 

523 125 

550 

152 

461 

uo 

10 

Sustained 

40 

45? 

54$ ai2 

4$0 

100 

460 

96 


•Tbe control output ia «ACh is coasidercJ 1C-? per wnt (coluouj 4). The seccnJ 
jyluauj in each of the last three divisions show* the perceniaje de'i.iUan from control level- 
t^wsa 3 ffhoTTs the nuni^r cf daps covered in t.-tcb of th.e four periixLs evaluated and (except 
the control periods) are indicated by characters i«- -»> t^neaih each carve. The dttfalioa of 
the spontaneous reaction in davs vras srencraJ!r the period used in crlunui 3 (seven instances), 
hut in four cases the curves were divided into thirds- The reticnlocpte output in columns 4. 
0. 7, and 9 represents the sums of the daily values exrre.««ed as reiieuloejnes per l.COO red 
cells for the period ^ days shown In column 5. 

tliose of the fit's! and second periods (Table IV i. In some cases the spontaneous 
reaction, as recorded in Tabic IV. does not seem to have occuri'cd at all, as, 
for example, in ^Vnintal \o. 3. Here the percentage of reticulocytes at the time 
of the spontaneous reaction is only S4 per cent of control level for this particnlar 
animal. If. hou-ever. the plotted curve of this animal is studied, it is clearly 
evident tiiat the usual spontaneous reaction has occurred (Xo. 3, Fig. 3). The 
ratios of the three phases of the cycle are also m.ainfained. 

Xot all auimals of this series responded in the usual manner to the loss of 
Wood (Table ni). Tliree (Xos. 7. ?, and 10, Fig. 3) gave a different pattern 
of reaction. All were bled the equivalent of 1 per cent of their body weight 
in blood at one operation. All gave similar over all pictures of reticulocyte 
production in that tlie output in each case -was high in the initial ph.ase (this 
iva.s typical), remained hiah during the interval and terminal phases, and tap- 
ered off finally (after about 120 days) to approximately control level in cadence 
with the aetirity of other aniraak which reacted t\-pioalI.v. Whether the type 
of hemorrhage used to induce the reaction is responsible for these atypical re- 
sponses, we are unable to say. Work is in progress to determine the cause. 

li/c Duration of the Red Blood Cell as Indicated hi/ the Occurrence cf 
Spontaneous Bciiculoculc Shn,rers Folloieir.g B’emorrhegf.— Spontaneous rc- 
ticulocj'te showers whose pe.aks oeenr rvithin the terminal phases of tlic reticu- 
loc,vte curves. S4 to 117 days following hemorrhage, arc interpreted as physio- 
logic reactions to tlie rapid depletions of the red cell populations resulting from 
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the disappearance (due to age) of the blocks of cells which were suddenly re- 
leased by the bone marrow in the initial phase of the experiments to replace 
those removed by hemorrhage. 

Some of these replacement cells begin to disappear about eighty days after 
the induction of the hemorrhage (or after their appearance). The greatest num- 
ber, however, disappears from ten to twenty-five days later, while a few pemist 
for as long as forty days. This means that there is a spread in the life span 
of the red cell of from 80 to 120 days, rvhich figures can be derived from the 
curves in Figs. 3 and 4 bj' counting the days between the initial and spontaneous 
reactions. 

The values recorded upon the curves of Figs. 3 and 4 at the peak of each 
spontaneous I’eaetion represent the time lapse between the induction of the 
hemorrhage and the highest point of the tei-minal or spontaneous reaction. The 
figures obtained by this tj-pe of experimentation would place the average life 
duraiion of the red blood cell of the macacus rhesus monkey at about 100 days. 


SUMMARY 

1. A method is given for making permanent preparations of retieulocjdes 
in monkey blood. 

2. Cui'ves are presented showing daily reticulocyte counts in two control 
and eight experimental animals covering periods of from 120 to 170 days. 

3. Two tj'pes of blood depletion were emploj’ed to stimulate hemopoesis: 
(1) withdrawal of large amounts (1 per cent of the body weight) at one 
operation and (2) fractional withdrawal of .5 per cent of the body weight in 
blood, at intervals of 72 hours (usually- four operations). 

4. The splan of life of the red blood cell of the macacus rhesus monkey 
was determined by autonomous blood replacement following hemorrhage. 'Wlicn 
this method is employ-ed, a spontaneous reticulocyte shower occurs from 94 to 
117 day^s later, indicating a reaction to the mass disappeai'ance of the block of 
red cells originally’^ mobilized to replace tho.se lost by^ hemorrhage. The time 
lapse between the induction of the hemon-hage and the peak of the spontaneous 
reaction is interpreted to be the life span of the red blood cell in this animal. 
We realize that from these figures must be deducted the latent period of reac- 
tion, which in the monkey- was found to be from two to four day-s. 
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OXYURIASIS 


SiSiPLIFIED I\IeTIIOD OF DIAGNOSIS WlTII GlaSS SlIDR; INCIDENCE IN A ]\IlNNESOTA 
State Hospjtae ; Result op Treatment "With Gentian Violet 

IMagnus C. Petersen, Rochester, Minn., and John Fahey, B.A. 

^^AKCOUVER, AVaSII. 

A t the Willmar (Jlinnesota) State Hospital it was noted tiiat differential 
blood counts of patients freqnentlj' showed 4 per cent or more cosinopliilcs. 
Since routine search for intestin.al parasites in such cases u.sually revealed pin- 
worm infection, we decided to make a complete survey of the entire institution. 
This was commenced in September, 1940, and completed in July, 1942. 

The institution, which is built on the cottage plan, has a capacity of 1,450 
beds. Each cottage accommodates about 100 patients Chronic mental patients, 
transferred from other hospitals, constitute the great majority of the population. 
Jfost of them have been hospitalized for moi*e than a year and many for more 
tiian a decade. Although this group is fairly stationary, there are frequent 
transfers of patients from one cottage to another. Alcoholic patients and drug 
addicts form the minority. They arc admitted directly and, as *t. rule, remain 
only from two to four months. Except for those in tlic hospital at the beginning 
of the survey, the patients were examined on admission. Tliis group, numbering 
from forty-five to eighty, was housed largely in a separate ward. 


METHOD OF DIAGNOSIS 

At first we used the so-called NIII cellophane .swab described by Hall.' As 
this was rather cumbersome for survey work, we began to use a strip of 
cellophane folded over a tongue blade. At the time wo did not find mention in 
the literature of this method. Since this time, however, a somewhat similar 
technique has been described by Jacobs.^ The cellophane tape proved as efficient 
a.s the NIH swab but still too slow for our puiposc. AVe then commenced to use 
glass slides with smooth edges of the type ordinarily employed in microscopic 
work. These were found not only as accurate as the NIH swab and the cello- 
phane tape, but much faster. 

A number was etched or scratched on one end of the slide. Tins served as 
an identification not only of the slide, but of the exposed side as well Metal 
•slide holders were made with spacings far enough apart so that the slides could 
lie handled easily without one touching the other. Jlotal was used for holdcis 
ill preference to wood because it was easier to clean. The glass slides were cleaned 


and used repeatedly. 

The smears were made sometime between midnight and 4 .i.M. No patient 
to he examined was allowed to take a hath tlie night before. The patient was 
asked to bend over and strain slightly. The examiner would hold the marked 
end of the slide and press the other end against the anal mucosa and miico^ 
cutaneous junction in such a manner that one edge of the slide would ho touaixl 
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the center of the anus. The slide would then be lifted and the opposite edge 
pressed against the opposite anal margin. Care was taken to hold the slide in 
such a manner that only the marked side would be exposed. 

It was found advantageous not to have anj^ fecal matter stick to the slide. 
The moisture of the anal mucosa was sufficient to make the ova adhere to the 
glass. It was seldom necessary to examine the entire width of the slide. The 
ova as a rule were found along the edges. If necessaiy, the slides could be kept 
for several days before the microscopic examination was made. By the use of 
low power and a wide ejmpieee, a slide could be examined in a few-moments, 
especially when ova were present. 

All patients in a cottage were examined tlie same night. In eases in whicli 
no ova were found, the examination was repeated at a later date until the slides 
from all remaining patients wei*e negative. In some cases as many as eighteen 
examinations were made. Ova were found fairly frequently in large mimbers on 
slides from patients who repeatedly had been found free from ova. 

INCIDENCE 

The results for each cottage are given in Table I. Of the 1,871 persons 
examined, 1,100 (59 per cent) were found to be infected with pinworms. TJie 
incidence of the infection was 72 per cent among the chronic mental patients as 
compared with 1 per cent among the inebriates and none among the employees. 
Two of the employees, however, had previously been treated for oxyuriasis. 

Table I 


Incidence of Pinworii Infection and Result of One Course of Treat.ment 

With Genti.an Violet 


cottage or 

GROUP 

SEX OF 
PERSONS ! 
EXAMINED 

PERSONS 

EXAMINED 

INFECTED BEFORE 
TREATMENT 

INFECTED AFTER ONE 

COURSE OP treatment 

NUMBER 

pee cent* 

NUMBER 

PER CENTf 

3 

F 

83 

9 

11 

0 

0 

4 

M 

103 

91 

88 

16 

18 

5 

M 

100 

40 

40 

2 

0 

() 

M 

106 

101 

95 

6 

G 

7 

F 

98 

35 

36 

n 

o 

9 

S 

F 

98 

69 

70 

5 

7 

9 

F 

84 

75 1 

89 

7 

9 

10 

F 

96 

71 

74 

14 

20 

11 

F 

104 

94 

90 

9 

10 

12 

M 

102 

98 

96 

1 


13 

JI 

101 

97 

96 

10 

10 

14 

F 

103 

89 

86 

17 


15 

M 

99 

78 

79 

tJ 


16 

jNI 

106 

101 

95 

5 

o 

Transfers 

M 

90 

38 

42 

0 


Transfers 

F 

53 

11 

21 

0 

0 

Inebriates 

F and M 

315 

3 

1 

0 

0 

Employees 

Total 

F and M 

F and M 

30 

1,871 

0 

1,100 

0 

59 

0 

98 

9~ ^ 


•Of persons examined. 

fOf persons infected before treatment. 


The incidence of oxjniriasis was decidedly higher in the male than in 
female population. It was highest in the disturbed and the deteriorate 
That the condition is not peculiar to the Willmar State Hospital is e\i ence 
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tlie incidence among patients received by transfer during tlie time of the survey. 
The lower incidence among these is probably due to shorter periods of hospital- 
ization. 

TREiWMENT 

All patients found to be infected rvere treated with gentian violet. Two 
%'Srain (0.032 Gm.) enteric-coated tablets were given by mouth twice a day 
after meals for eight days. After a rest period of eiglit days, the course was 
repeated. A third course was gi^'en after another eight-day rest period. Thus, 
48 grains (3.1 Gm.) of the drug were administered over a period of forty days. 

Toxic symptoms due to medication were encountered rarely among the 
male but fairly frequently among the female patients. These symptoms were 
anorexia, nausea, vomiting, diarrhea, and mild abdominal pain. Some patients 
lost weight during the period of treatment. The sj'mptoms disappeared when 
the medication was suspended for a few days. The therapy was then resumed : 
either the before-mentioned plan was continued or Yi grain (0.032 Gm.) of the 
drug was given twice a day continuously for thii'ty-fivc days. 

After completion of the treatment, searcli was again made for ova. Six 
c.xaminations were made in the eoui’se of four weeks. Ova were found in ninety, 
eight (9 per cent of those infected before treatment) after the first course, eleven 
(1 per cent) after the second, and two (0.2 per cent) after the third. One 
patient remained infected after five courses of treatment. 

The patients in cottages 6 and 12 were re-examined ten montlis after treat- 
ment. Thirty-one (29 per cent) of the former and forty-.six (45 per cent) of the 
latter were found to bo infected. Cii’cnmstances did not allow us to continue the 
study. A total of 18,446 slides were c.xamined. 


SUMMARY 

A simplified method of diagnosing pinworm infection is described. Of 
1,871 persons e.xamined in <a Minnesota state hospital, 1,100 were infected with 
pinworms. The incidence of infection was 72 per cent among the chronic mental 
patients, 1 per cent among tlie inebriates, and none among the employees. One 
course of treatment with gentian violet was effective in 91 per cent of cases. Of 
208 patients examined ten months after treatment, seventy-seven (37 per cent) 
were found to bo infected. 
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A CASE OP TRICHOSTRONGYLUS INFECTION WITH NOTES 
ON THE IDENTIFICATION OP OVA 


H. Tsuchiya, Sc.D., and Helen Reller, M.D. 

St. Louis, Mo. 

T hough various species of Trichostrongj’-lus are frequently found in the 
intestines of ruminants, instances of human infection occurring in the 
United States are exceedingly I’are. Chandler^ and Maplestone," on the other 
hand, reported the incidence varying from 9 to 25 per cent in sheep- and 
goat-raising localities in India, while Jimho^ found 32.3 per cent of 1,215 
stools examined at his clinic in Japan positive for Triehostrongjdus infection. 
The species represented in these reports were presumably Trichostrongyhs 
coUihrif ormis in the former and defiiiitelj’" Trichostrongylus orientalis in the 
latter. Ransom’s^ predication in 1916, that the parasite may he found in man 
in continental United States, has not been fully realized. Among a few cases 
of infeetion with Tncliostrongylus colithriformis reported, we may cite Sand- 
ground’s® observation on his own experimental infeetion and the finding of 
a single male worm in a surgically removed appendix by Schenlien and Moss' 
and identified by Faust." In view of the paucity of human cases of Tricho- 
strongjdus infection, it appears to us that the present case is worth reporting. 
Purthemore, since tliere is a close resemblance between ova of this parasite 
and those of hookworms, a description of the eharacteristic ova seen in this 
case may help in the differential diagnosis of the two infections. 

report of a case 

G. P., a laborer, aged 5G years, born in Greece, was admitted to Barnes Hospital with 
complaints of intermittent pain in the epigastrium and right upper quadrant, chronic constipa- 
tion, dyspnea, productive cough, headache, ringing of left ear, and a loss of twenty-eight 
pounds of weight in a year. Physical examination: temperature was 37.5° C.; pulse, 80 per 
minute; respiration, 20; and blood pressure, 120/70. The patient was dyspneic and the 
posteroanterior diameter of the chest was increased. There were some inspirator}- and ex- 
piratory wheezes heard chiefly at the apices of both lungs. The liver was tender, soft, and 
palpable three fingers below the costal margin. There was a suggestion of a mass extending 
do^vn from the liver. Bladder dullne.ss was percussed above the symphysis pubis. Laboratoiy c.x- 
aminations: red blood cell count, 5,120,000 per cubic millimeter; white blood coll count, 0,400, 
hemoglobin content, 13.2 Gra. per 100 c.c. Differential count was normal with no eosinopiiilc.s. 
Kahn test was positive 4 plus. Blood chemistry: nonprotein nitrogen, 50 mg. per cent; total 
serum proteins, 0.30 per cent; albumin, 4.20 per cent; globulin, 2.10 per cent. Icterus index 
was 0. Stool examination revealed the presence of a verj- few ova of TrichostTongylv-'^ H’- 
detectable only by the use of Willis’ levitation technique,8 and cysts of Giardia lamldia. 
The patient died shortly after admission. The clinical diagnosis of the attending physicians 
was generalized peritoneal carcinomatosis, substantiated by the examination of sediment o 
ascitic fluid, senile emphysema of lungs, and latent sj-philis. Since autopsy was denied 
cause of religious reason, the species of the parasite rc-main.s undetermined. An attempt o 
culture the organisms from the feces with powdered charcoal in order to secure typical larvae 
for definite identification was unsuccessful. 

From the Departments of Bacterioloiry and Immunolosrx- and of Internal Jlcdicine, Va.li 
ington University School of Medicine. St Louis. Mo. 
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COlrMENT ON THE CASE 

Clinical observations by several workers, including Jimbo, seem to indicate 
that the severifj' of sj'mptoms may be correlated witli the number of the 
parasites localized in tlie small intestine. Tlie scarcity of adult worms recovered 
at autopsy as well as the extremely small number of ova usually found in the 
feces of infected individuals led these investigator.? to conclude that the great 
majority of infected individuals are s^miptom free. 

Since the symptoms exhibited by our patient were considered to be 
attributable to the diseases other than to the parasitic infection, no anthelmintics 
u'cre administered by the attending phj’siciaiis. Furthennore, no drugs are 
kno^vn to eradicate the parasite as exemplified in the reports of Jimbo, Sand- 
ground, and others. Tlie liistory of the patient revealed that he had resided 
in the United States since he migrated from Greece in 1907. He had worked 
as a farm laborer at various times in the soutliern states. It is quite conceiv- 
able, therefore, that the infection might have been acquired by the accidental 
ingestion of the third-stage larvae from contaminated soil. According to 
Chandler, the infection probably occurs more frequently from the ingestion 
of vegetable matters contamiiiafcd with the larvae rather than by penetration 
through tho sldn. The possibility that the infection was originally acquired 
in Greece appears to be remote because of his tliirty-si.x years of residence in 
this country. In the case of Sandground, tho infection was reported to have 
persisted for as long as eight and one-lialf ycai's. 

THE inENTIFICATION OP OVA 

The diagnosis of Triehostrongj'lus infection is based on the finding of the 
characteristic ova in the feecs. As previously slated, the detection is usually 
difficult due to the small number of ova present in the feces, thus necessitating 
the use of a concentration technique. jMoreover. because of a close resemblance 
of the ova to those of hookworms, the ova of Trichostrongjdus were fre- 
quently mistaken for the ov<a of the latter parasite by ca.sual observers. Since 
ova of various species of Trichosti-ongidus are indistinguishable one from the 
other, the definite identification of the species may be accomplished only by 
the recovery of adult worms following post-mortem examination or by the 
identity of the tjqiical larvae in the fcceS'Charcoal culture. 


Table I 

SIEASURCME.VTS OF OVA TWCirOSTROXOVLUS KP. 


I.EN’OTII 

{■mioroxsI 

frequencv 

BREAiyrii 

FnF,QtrEXCV 

81 

82 

83 

84 

85 

86 

87 

88 

1 

1 

3 

G 

3 

40 

41 

42 

44 

45 

47 

49 

51 

4 

G 

1 

1 

1 

1 

DO 

1 



D1 

1 



94 

I 



97 

1 



80 (Averase) 

43 (ATcrace) 

— 
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The ova of Tricliostro^igijlus sp. found in the feces of the patient were 
transparent and elongated oval in shape. As compared with ova of hookworm, 
they are much longer and slightly wider. The measurements of twenty-five 
ova taken at random are tabulated in Table I. 

As seen from Table I, the ova of Triclwstrongylus sp. measure 81 to 97 
microns in length by 40 to 51 microns in wudth, averaging 86 by 43 microns. 
The egg possesses a transparent shell membrane which is thicker and more 
greenish and lustrous than that of hookwmrms. TiTiile the ends of the ova 
are more pointed than those of hookworms, in a majority of them one end 
is somewhat pointed w'hile the other is rounded, as shown in Fig. 1, resembling 
somewhat the shape of an elongated seedless grape. Maplestone likened it to 
a hen’s egg, while Jimbo compai'ed it to an elongated persimmon wdien viewed 
laterally. In some instances the pointed end appears slightly thicker than the 



Fig. 1. — Egg of Trichostronguliis sp. recovered by the use of Willis levitation technique 

nonpointed end. Ova in freshly voided stool present an advanced stage of 
segmentation, usually sixteen to twenty-four morula stage of embrj'onation m 
staphylococcus-like arrangement. This difference, together with the eharactei- 
istics described, may be used in differentiating the ova from those of hookwoims. 

In addition, ova of HaemoncJms contorfiis, the parasite of sheep and goals 
and very rarely of man, possess morphologic characteristics which are m is- 
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tinguishable from those of Trichostrongylus. Differentiation, Ihcrcfovo, should 
he made by identifying adult worms or the third-stage larvae. 

It is of interest to note in this eonneotion that ova of Stronguloides stcr- 
coralis, which may rarely appear only in ease of profuse diarrhea or following 
catharsis, may also he mistaken for ova of Trichostrongylus. As a rule, they may 
be differentiated from the latter by being smaller and by a thinner shell mem- 
brane which is less greenish in color and leas lustrous. Moreover, in freshly 
voided stool Strongyloidcs ova contain embrj-os ready to be hatched. Ova of 
Heterodera radicicola, which may temporarily appear in feecs as resnlt of inges- 
tion of parasitized vegetable materials, require careful scrutiny. These ova may 
■bo distinguished from ova of Triehostrongylns by unilateral flattening or slight 
concavity with rounded ends, though distorted ova of the latter may lead one 
to an erroneous diagnosis. This diffienlty may readily lie overcome by repeatedly 
examining the feces following a vegetable-tree diet. 

In view of the possibilitie.s of inaccurate diagnosis, the careful examination 
of the ova of these parasites is of utmost importance due to the fact that many 
individuals who do not respond to antihooUworm therapy may be those passing 
only ova of Triehostrongj-lus. That mixed infections of hookworm and Tricho- 
strongylus frequently occur has been verified by the report of Jimbo quoted 
by Koizumi,” Moreover, inaccurate diagnosis may lead one to an erroneous 
evaluation on the efficacy of drugs for the eradication of hookworm infection. 

In areas where hoolnvonn infections are prevalent, therefore, attention 
should be called to the necessity of carefully conducted examination. The larger 
size, unique shape, and advanced stage of scgmentalioii at the time of deposi- 
tion of ova of Trichostrong.vlus can hardly fail to attract the attention of those 
who keep them in mind. This will eventually result in uncovering cases of 
Trichostrongylus infections heretofore either unrecognized or incorrectly diag- 
nosed. 

SUMMARY 

1. A case of Trichostrongylus infection is presented with the description 
of the characteristic ova found in the feces. 

2. Because of the resemblance of ova of several parasites to those of Tri- 
chostvongj'lus, differential criteria arc emphasized to facilitate the differentia- 
tion especially from hookworm ova, with which they may be confused by 
inexperienced observers. 

3. The definitive identification of species of strongylate nematodes can be 
made only by the rocoveiy of the adult worms or the tliird-stage larvae in 
culture, since the differentiation on the basis of morpholog>- of ova alone is 
an impossibility. 

1 An immediate need of more careful examination of stools is stressed 
particularly in localities where endemietty of hoolrworm infection exists. 
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PHOTOSENSITIVITY AS A CAUSE OF FALSELY POSITIVE 
CEPIIALIN-CIIOLESTEROL FLOCCULATION TESTS 


Campbell Moses, M.E. 
Pittsburgh, Pa. 


S INCE its introduction by Hanger* in 1939, tiie cephalin-eliolcsterol floccula- 
tion test has been nddcly used as a test of liver function, particularly as 
a method for detecting tJic presence of active parencJiymatous disease of the 
liver. However, a disturbing difference in the sensitivity of the reaction has 
been reported by a number of observers-"® and found in our own experience. 

This variability in the reaction was recently evidenced by two reports of 
attempts to design a dilution method for this test. Brugei** reported that in 
his experience the use of sera in various dilutions enabled him to estimate and 
follow the severity of the hepatic damage. Shortly thereafter Mirsky and 
Brecht,® using the method outlined by Brugor, reported that normal sera were 
consistently flocculated wlien used in dilute solution. 

Neofe and Roinhold® liave recently demonstrated that photosensitivity maj’^ 
be a cause of falsclj' positive ccphalin-cholcstorol flocculation reactions. They 
have emphasized the importance of standardizing the tcclmiqjie if the results 
obtained by various laboratories are to be comparable. In attempting to sot 
up standard conditions, we have confirmed the experience of Neefc on the 
importance of light in causing falsely positive reactions. 

Duplicate tests using the sera of ton normal individuals wore made; one 
tube was kept in total daiimcss and the otlier placed outside a laboratory 
window in direct sunlight. Hanger's method with Difeo cophalin-cholestcrol 
mix was used. TJic results obtained arc given in Table I. 

The demonstration of the role of sunlight in initiating falsely positive 
eephalin-cholesterol flocculation tests necessitates that a standardized procedure 
be adopted if the results oljlaincd l)y various laboratories arc to bo comparable. 
Duplicate samples of five normal sci-a were tested in an entirely dark cup- 
board, in direct sunlight, and in a small cupboard confining a 100-watt frosted 
electric bulb. From the data given in Table II it is evident that both sun- 
light and artificial liglit will give falsely positive reactions. 

To determine whctlier the increased temperature induced in sera wlicn 
they stood in sunlight altered the sensitivity of tiie test, duplicate specimens 
Avero warmed in a water bath at 40° C. for four hours and at 70 C.^ for 

thirty minutes (Table HI). The results indicate tliat the falsely positive 
results arc not duo to heat. It is interesting to note tliat in the samples heated 
to 70° C. for one-half hour only slight flocculation could ho obtained in one 
specimen and none in the otlier three after standing inside a window for three 
days. Perhaps alteration of some protein factor at the higher temperature 
may be responsible for this reaction. 


, Pron, the Department of PhysloloCT end Pharmacolow of the Eehool of Medicine of 
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TabIiE I 


SERUM 

DIRECT 
2 HPw 

SUNLIGHT 

24 HR. 

DARKNESS 

2 HR. 24 HR. 

1 

2+ 

3+ 

0 

0 

2 

1+ 

3+ 

0 

+ 

3 

2+ 

4f 

0 

0 

4 

2+ 

3+ 

0 

0 

5 

1+ 

3+ 

0 

0 

(5 

2+ 

4+ 

0 

0 

7 

3+ 

4+ 

0 

0 

8 

2+ 

3+ 

0 

0 

9 

1+ 

4+ 

0 

+ 

10 

2+ 

4+ 

0 

0 


Table II 

SERUM 

DARKNESS 

SUNLIGHT 

sunlight 

ARTIFICIAL LIGHT 

24 HR. 

Vi hr. 

6 HR. 

24 HR. 

1 

0 

0 

3+ 

2+ 

2 

0 

0 

2+ 

2+ 

3 

0 

+ 

4+ 

4-1 

4 

0 

0 

2+ 

4-1 

5 

0 

0 

2+ 

4+ 


Table III 


SERUM 

DARKNESS 
'24 HR. 

SUNLIGHT 

4 HR. 

ARTIFICIAL LIGHT 

24 HR. 

4 HR. 

40° C. 

1/7 HR. 

70° C. 

1 

0 

3-}- 

4+ 

0 

0 

2 

0 

2+ 

4-1 

0 

0 

3 

0 

2+ 

3-1 

0 

0 

4 

0 

4-1- 

4+ 

0 

0 


Table IV 


SERUM 

CONDITION 

1 

Normal 

2 

Normal 

3 

Normal 

4 

Normal 

5 

Normal 

6 

Normal 

7 

Normal 

8 

Normal 

9 

Normal 

10 

Normal 

11 

Thrombosis cent, vein 

12 

Disseminating lupus 

13 

Appendicitis 

14 

Cerebral arteriosclerosi.s 

15 

Obstructive jaundice 

IG 

Obstructive jaundice 

17 

Obstructive jaundice 

18 

Hepatitis 

19 

Hepatitis 

20 

Hepatitis 

21 

Hj-perthvroid crisis 

22 

Portal cirrhosis 

23 

Portal cirrhosis 

24 

Portal cirrhosis 

25 

Wilson's disease 

20 

Secondarj' carcinoma 

27 

of liver 

Multiple myeloma 


DARK LIGHT 


t HR. 

2 HR.' 

C HE. 

12 HE. 

24 HR. 

0 

0 

1+ 

2+ 

34 

0 

0 

U 

2+ 

34 

0 

0 

0 

2-1- 

34 

0 

0 

0 

1-b 

34 

0 

0 

1-t 

2+ 

44 

0 

0 

1-H 

2-1 

3t 

0 

0 

0 

2+ 

34 

0 

0 

0 

1-t 

34 

0 

0 

1-b 

2+ 

34 

0 

0 

0 

2+ 

34 

0 

0 

0 

2+ 

34 

0 

0 

0 

2-h 

34 

0 

0 

0 

2-r 

O-f 

0 

0 

1+ 

2-r 

34 

0 

0 

2+ 

3+ 

44 

0 

0 

0 

]+ 

34 

0 

0 

1+ 

2+ 

34 

3t 

2-r 

4+ 

4rr 

4+ 

4f 

2-f- 

4+ 

4-f 

4-f 

34 

U 

2-f 

3-r 

4-f 

0 

It 

1+ 

2+ 

3t 

0 

2+ 

3+ 

4+ 

4+ 

0 

1-r 

3+ 

4+ 

4+ 

0 

1-r 

2+ 

3+ 

4+ 

0 

0 

l-I 

U 

2-f 

2-i- 

3-t- 

34 

4+ 

4+ 

0 

1-b 

2-f 

34 

44 _ 
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In view of the demonstration of the photosensitivity of the cephalin- 
cholesterol flocculation test, it has become our practice to run duplicate speci- 
mens: one sample read after twenty-four hours in darkness and one read at 
two, six, twelve, and twenty-four hours in a small (24 by 18 by 16 inches) 
cupboard containing a 100-watt light bulb. In Table IV are summarized our 
results to date vith this procedure. From these data the impression is gained 
that the serum from individuals with hepatic disease, although giving a nega- 
tive cephalin flocculation reaction in the dark, may show abnormal sensitivity 
to light. Attention is called particularly to Cases 21 to 27 in which hepatic 
damage was present; the cephalin flocculation reaction in these cases was 
negative in the dark although showing abnormal sensitivity to light as com- 
pared to the controls (Cases 1 to 14). 

Obviously if the results obtained by various laboratories are to be com- 
parable, standardization of the light exposure is necessarj". In our experience, 
placing the test tubes in a small cupboard containing a 100-watt light bulb, 
as noted in the preceding paragraph, has proved satisfactory. 

CONCLUSIONS 

The photosensitivity of the cephalin-cholcsterol flocculation reaction has 
been confirmed. Since this reaction occurs in artificial light as well as in 
sunlight, it is not due to any property' peculiar to tlie latter. It is not due 
to heat generated in the sample by light. 

It is suggested that it may be worth while to study the photosensitivity 
of this reaction in patients with hepatic disease, and a simple method of doing 
this is given. 
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THE KAHN TRIPLE QUANTITATIVE VERIFICATION TECHNIQUE IN 
THE SEROLOGY OF MAL DEL PINTO (PINTA) 

G. Varela, MH.,* J. Olarte, Q.B.,t and S. Castro Estrada, H.D.® 

Mexico, D. F. 

M ENK (1926) found that 74.5 per cent of the sera obtained from sixty-seven 
patients with mal del jiinto, gave a positive reaction with the AVassermann 
test ; 17 per cent were negative and 8.5 per cent were anticomplemeutary. Gon- 
zalez Herrejon (1927) studied the blood of twenty-three patients with pinta and 
found twenty-one to be AA^asseiTuann positive and two AA^assermanii negative. 
Further observations have confirmed the high percentage of positive AAhasser- 
mann, Kahn, iliiller, Hinton, and Chediak tests in patients with mal del pinto. 
Leon y Blanco (1940) demonstrated that when the disease becomes generalized, 
the AA^assermann, Kahn, and Aliiller tests are positive to the extent of 87.56 per 
cent with a maximum of 97 per cent in the late stages of the disease. Escobar 
(1940), Gonzalez Guzman (1940), and Briceno Rossi (1943) demonstrated that 
the Kahn verification test (differential temperature technique; Kahn, 1940) is 
positive in pinta as it is in syphilis. 

In this paper we present the results of the Kalin triple quantitative tecli- 
nique (Kahn, 1942, 1943), which the author considers to have special specific 
value in the serology of syphilis. Also we present the results of other serologic 
experiments obtained witli sera of patients with mal del jiinto. 


SIATEKIAL AND AIETHODS 

Different samples of blood from different localities of the States of Guerrero, 
Aliclioacan, and Nayarit ivere studied. Table I shows the type of the disease m 
each patient and those patients who ivcre previously treated with ai’seiiic com- 
pounds. 

The triple cpiantitative technique for verification reaction was performed 
using three quantitative procedures: in the first one the serial dilutions v'Cie 
made with distilled water; in the second, the dilutions were made with 0.9 pci 
cent saline solution; and in the third, with 2.5 per cent saline. The Kahn antigen 
used in all the experiments was the Difeo antigen. The standard Kahn lest vns 
previously perfomed in eveiy senim studied. 

The globulin and the pseudoglobulin fractions of the blood sera of seveia 
patients with pinta were separated by tlie ammonium sulfate and dialysis metlioi 
(AVadsworth, 1939). On each one of these fi-actions the Kahn standard test vas 
performed. 

results 

Tlic re.sults are shomi in Table' I. It can readily be seen that witli the innic 


concentrated saline solution used we obtained a stronger iiosilive reaction. 


Each 


•From the InstSluto ilc Salubridad y Entermedadcs Tropicales. 
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colimm in Table I represents the average flocculation intensit read in four Kahn 
tubes containing serum dilutions of %, Vm. /4o, and %o, respectiveljL 

The standard Kahn tests uith the euglobulin and pseudoglobulin fractions 
separated from sera of patients with pinta were positive for both fractions. 

SUMMARY 

The different concentrations of sodium chloride from 0 to 2.5 per cent, 
applied in Kahn’s triple quantitative verification technique, increase the in- 
tensity of the reaction in the sera of patients with mal del pinto. 

The globulin and pseudoglobulin fractions of sera of these patients reacted 
in a similar way, both giving positive standard Kahn tests. 
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CLINICAL CHEMISTRY 


NITROGEN BALANCE ON A RESTRICTED CALORIC INTAKE 

Robekt Eliian, M.D., Harriet IV. Davey, B.S., and Robert ICn'ASu 
St. Louis, Mo. 

U'RING early studies on intravenous protein feeding witli amino aeids^ Ave 
J— ' always tried to provide all of the energy requirements by giving sufiicient 
glucose. To supply 1,600 calorics parenteralh' means an intravenous injection 
lasting seven haul’s inasmuch as a normal adult can utilize only GO Gm. per 
hour. Moreover, this would mean 4,000 o.e. of 10 per cent glucose or 8,000 e.e. 
of 5 per cent glucose. Because of the obvious practical difficulties, we began to 
question the necessity of supplying all of the energy requirements, during short 
periods of time at least. Quite to our surprise wc found that positive nitrogen 
balance could be maintained in many of those patients even thppgh the amount 
of glucose administered fell far short of that rc(}iured for full energy needs. 
Obviously the rest of the calorics were being obtained from tissue fat. In order 
to study this matter furtlier, a series of c.xperimcnts was carried out in dogs to 
determine how well nitrogen balance can be maintained on a restricted caloric 
but adequate protein intake. 


PREVIOUS OBSERVATIONS 

Lusk^ states that under conditions of complete starvation 87 per cent of the 
caloric requirements arc met by tissue fat, the rest coming from tissue protein, 
which seems to offer ample theoretical justification for relying on tissue fat for 
much of the caloric needs. Indeed, Rubneri was able to cut the caloric require- 
ments by 33 per cent without disturbing the degree of nitrogen balance. On the 
other hand, Thomas* found that nitrogen balance could not be maintained on a 
pure protein diet; yet it is obvious that the Esidmos maintain health and groirih 
on a diet which is largely protein udth some fat but little or no carbohydrate. 
Block® studied nitrogen balance in three obese and three normal women for 
consecutive seven-day periods during which the caloric intake w'ns reduced 
from 80 to 20 per cent of the basal requirement, although the protein intake 
was maintained at 1 Gm. or more per kilogram per day. Positive nitrogen 
balance wms observed in twenty of tw’cnty-four periods, iloreover, the w'cight 
loss in the obese patients was exactly as predicted on the basis that the 
adipose tissue furnished the calories not ingested in the diet. In a previous 
report from this laboratory® dogs were shown to retain much more nitrogen on 
isocaloric but inadequate diets in which SO per cent of the calorics n ere protein 
as compared with those in which SO per cent of the caloi’ics vrere carboli\’drate. 
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PRESENT OBSERVATIONS 

Four lieallhy female mongrel dogs were selected for these experiments. 
They were prepared for easy catlicterkation by dividing the po.sterioi- vaginal 
wall. After healing had occurred they were ob.served two at a time. Previous 
to the beginning of each series of observations, the dogs had been on a full well- 
balanced diet and were well nourished. 


The dietaiy intake during the experiment was rigidly controlled by gavage 
feedings. No other food was permitted except that water was allowed ad 
libitum. They were kept in metabolism cages for the collection of urine and 
were catheterized at the beginning of each period ivliich in general lasted four 
days. The diet consisted of dcxtidmaltose and Amigcn, which is an enzymic 
h.vdroij’sate of casein and pork jiancreas. Two different mixtures were pre- 
pared consisting of (a) 80 per cent carbohydrate and 20 per cent pititein (as 
Amigen) and (b) 80 per cent protein (as Amigen) and 20 per cent carbohydrate. 
The two dietary constituents wci’c mixed in a small quantity of water and given 
by gavage once a day. This procedure worked very well and provoked vomiting 
only twice in one animal and is the only occasion in which consecutive observa- 
tions were not carried out (Table II). Otherwise, the experiments were without 
event, including the absence of diarrhea. The stools were collected in the early 
c.xperiments but were found to be quite scanty and to comprise Ie.ss than 5 per 
cent of the total nitrogen in the urine and were therefore discontinued. 

The daily amount of food administered was set at either 50 calories per kilo- 


gram or 25 calorics per kilogram, based on 4 calories per gram of carbohydrate as 
dextrimaltose and 3 calories per gram of Amigen. In calculating tlie caloric 
value of Amigen, its nitrogen content was used as the base; this was multiplied 
by 6.25, giving its presumed protein equivalent. Because Amigen contains 
only 12 per cent instead of the 16 per cent nitrogen in Avhole protein, a figure 
of 3 calories per gram of Amigen instead of the 4 ealorics for whole iirofein 
was obtained. Inasmuch as a figure of 3.7 ealories per gram of Amigen was 


obtained by direct bomb calorimetry,' this figure may be incorrect. If the figure 
of 3.7 were taken insteiid of 3.0, the difference would involve the number of 
calories given in each group of experiments. Thus the caloric intake instead of 
being 50 calorics in each animal would be 52 in the low protein and 58 in the 
high protein mixture. At a 25 caloric intake, the difference would be 26 as 
against 29. This slight disci’cpancy, however, would probabl.v not influence the 
main findings even if this calculation were justified. Nitrogen was determinec 


by a micro-Kjeldahl technique described by Sobel, Yuska, and Cohen.® 


EXPERIJIENTAL FINDINGS 

The observations ' made arc recorded in Tables I to III. It will be 
that when the dietary intake consisted of 80 per cent carbohydrate and 2 pei 
cent protein (as Amigen), nitrogen balance was achieved at a level oi 
calories per kilogram in only one of the two dogs. Moreover, whmi tlie ca 
intake was cut in half in these dogs, a negative balance was found ° 

two animals (Table I) . By contrast, positive nitrogen balance was obtame 
at a 25 calories per kilogram intake in similar e-xperiments m wo ° 
in which the proportion was reversed so as to contain SO per cent pr 
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Table I 


Kitrogen (K) Balance on an Intake op SO per cent C4vrbohydrate and 20 'Per cent 
Pp.OTEiN (AS Amices) 

Caloric Intake During Periods I to III, 50/Kg.; During Perwds IV to VII, 25/Ko. 


1 

PERIOD 
{4 PAYS) 

1 dog l (v-eigiit, 32.4 KQ.) 

1 DOG S (weight, 7.2 KG.) 

INTAKE 

OUTPUT 

IN URINE 

NITROGEN 

BALANCE 

i.ntake 

output 
in urine 

NITROGEN 

BALANCE 

CH j 
(QM.) 1 

1 

(cm.) , 

(gm.) 

Ni-Na 

(CM.) , 

CH 

(GM.) 

Nj 

(GM.) 

N, 

(oil.) 

Ni-Nj 

(GM.) 

I 

1 500 i 

20 

24.88 

-4.88 , 

2SS 

11.4 

11.32 

+0,08 

II 

, 5Q0 1 

20 

20.92 

-0.92 1 

288 

13.4 

10.72 , 

+0.68 

III 

! 500 1 

1 20 

20.10 

-0 16 1 

288 

11.4 

9.44 

+1.96 

Average per day j 

1 1 -o-to 1 


1 1 1 +0.20 

IV 

1 250 

1 10 1 

14.04 

-4 04 

144 

5.7 

8.00 

1 -2.30 

V 

! 250 

1 10 

11.64 

-1.64 

144 

5.7 

6.88 

I -1.18 

VI 

, 250 

1 10 

11.70 

-1 76 

144 

5.7 

6.96 

-1.2G 

VII 

250 

10 1 

11.72 

-1 72 

144 

5.7 

7.40 

-1.70 

Average per d 

ay 



-0.57 




-0.40 


Table II 


Nitrogen (N) Balance on an Intake op 20 per cent Carboiitdratb and 80 ter cent 
Protein (as amicen) 

Caloric Intake During Periods I to III, 50/Kg ; During Periods IV to VI, 25/Kg. 


1 

PERIOD 1 

(4 DAYS) 

1 DOG B (WEIGHT, 9.3 KG-) , 

1 DOCi 

I T (WEIGHT, 10.5 KG.) 

INTAKE 1 

output 

IN URINE 1 

NITROGEN 

BALANCE 

[ INTAKE ^ 

OUTPUT 
IN URINE j 

NITROGEN 

BALANCE 


[ CH 

N, 

Nj 

Ni-Nj 

CH 

N, 

N, 

Ni-N, 


1 (OM.) 

(OH.^ 

(cm.) 

(nu.) 

CCM.) 

(ou.) 

(051.) , 

(GU.) 

I 

1 93 

59.32 : 

oM2 1 

■on 

*105 

67.2 

72.04 ' 

-4.84 

n 


59.52 

54.28 

+5.24 

mivfW 

67.2 

59.24 

+7.96 

in 


59.52 1 

36.72 1 


1 — 1 

— 

. — 1 


Average per tl 

iiy 1 1 

\ ) fl.37 1 


1 

: 1 

+0.39 

IV 




[ -0.92 

' 53 

1 33.6 , 

' 34.52 


V 




1 +K1C 

53 

1 33.0 

32.4A 

+1.2 

VI 




1 +2.30 

1 53 

1 O'd.tl 

1 31.70 

1 +1.84 


ATfrage per fifty +0.22 


•Periods not consecutive due to \omitlnG. 

Table III 

Nitrogen (N) Balance on an Intake of 25 Calories feb Kilogram 
Periods I to IV on Dog T and Period V on Dog B, Intake Was SO per cent Carbohydrate 
AND 20 PER cent Protein (as Amicen) ; Periods I to IV on Dog B and Period V on 
D oo T Intake Was 20 per cent Carbohydrate and 80 per cent 
Protein (as Amigen) 


PERIOD 1 

(4 DATS) 1 

"" I 

n 

m 

IV 

I 1)00 T (WEIGHT, 9.7 KO.) 

1 DOG D (WEIGHT, 9.4 KG.) 

INTAKE 


NITROGEN 

BAI.ANCE , 

INTAKE 1 

OUTPUT 

IN URINE 

NITROGEN 

BALANCE 

CH 

(gh.) , 

(on.) i 

Nj 

(OM.) 

N,-N» ' 

(CM.) 

Cli 

(CM.) 

(OM.) 

N, 

(OM.) 

n,-n, 

(OM.) 

1 194 , 

194 

' 194 1 

1 194 , 

7.6 1 

7.6 1 

7.6 

7.6 1 

14.00 
11.10 
9.32 ; 
9.12 ! 

-7.0 

-3.56 

-1.52 

-1.52 

47 

47 

47 1 
47 1 

H 

29.32 1 
' 24.68 1 
' 24.60 j 
2(5.48 1 

+0.68 

+5.32 

+5.40 

+3.52 

Average per day 1 

V j 60 

(*> davs) 1 

3S.0 

29.4 

+8.0 

235 j 

1 9.4 j Jy./5 j 

-G.35 


X- I j j > 

Average per day | 
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Ainigen) and 20 per cent carbohydrate (Tabic II). Tliis .same effect was ob- 
served more slrikingly in the next two cxpei’iment.s in whieli tlie animals were 


f V.V* -.JAt twu UA|;ux liiiuma iii liiu auiiiiaio 

placed immediately on a 25 calorie per kilogram intake. In one the proportion 
was SO ]ier cent carbohydrate and 20 » 


K.n, j,,ui V,... -- per cent protein, -svliich produced a 

])ersistcnt average negative balance of 0.S5 Gin. per day for four consecutive 
fonr-day jieriods. whereas in an innnediateh' following five-day period, in which 
the pro])ortion was revei-sed, pronounced positive balance of 1.7 Gm. per day 
was acliicvcd. In the other experiment in wliich the 25 calorics consisted of 80 
]H'r cent protein (as Ainigen) and 20 ])or cent carbohydrate, positive nitrogen 
balance of nearly a gram a day was consistently maintained in four consecutive 
four-day periods, whereas in an immediately following five-day period in which 
the in-ojmrtion was reversed, a negative balance of 1.27 Gin. per day was obsen-ed 
(Table III). 

CO.M.MKNT 

I'rom the findings borcin jire.scnted it would seem that good nitiogen balance 
can be achieved by simjily increasing greatly the proportion of ^ J 

diet, even though the caloric intake is far from adequate. ns ^ ‘ , 

tieal implications. For exnmiilc, the necessity of supidyuig all of he cne 
renij.™.. ami„« .l.o.-, poriojs of iolrovonono 
ionnoc, ,n„l the is oof.ly ronovo,I of ll.o 1''”''^/’;“ 

as much glucose as was hitherto deemed necessary. It ^ 

lively small amount of gluco.so will 

shorl periods of lime at least. Undoubtedly the rest of the caloi.c needs 

bv use of tissue fnl. ^ mpnibers of 

These fuKlinj^s liavc a further 

the Armed Forces arc not infrequently separated iio . 

:,„a to,, oerloin po.iodo nonoloin ™ ™ 

leads to loss of body tissue. Because pait of ‘ much more 

tissue fat which contributes little to ^ physiologic significance, 

important to maintain protein tissue ;iJ, to protein 

From this it may be that positive nitrogen 

to caloric intake. Because the pics • , i .i,p„ c-oflficicnt protein is pio- 

vided, it would seem obvious carbohydrate and is asso- 

llmt alloUmI lo pi'Olmi 's ■nnra». 

,,„ll.balniicc(l diet. 

ncsWCnd 

discussefi' 
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LIMITATIONS OP THE CORRELATION BETWEEN THE RED CELL 
VOLUJIE AND HEMOGLOBIN OP BLOOD 
DURING PREGNANCY 

Jajies W. JIuLi-, Pri.D. 

CLKvia,AXD, Ohio 

I T HAS been ralliei’ generally aceepled that Ihc red cell volume of the bloorl 
and the hemoglobin are ]iroi)ortional and that one value may be checked by 
the other. A number of exee])tions discovered among pregnant patients led us 
to undertake an investigation of the true value of this possible correlation during 
the course of pregnane}’. 

In a series of conseeutive determinations made on sevent}'-fi\’e pregnant 
women upon admission to the prenatal dispensary, using oxiilated blood, we 
found Peai'son’s correlation to be 0.677 betw’cen the red cell volume and tlie 
hemoglobin. In a second series of thirty-seven patients, using heparinized blood, 
we found a correlation of 0.747. This means that while there is a definite cor- 
relation, of proved significance, in cither scries, one is not .iuslified in predicting 
one value from a determination of the other, even when using heparinized blood. 
This is illustrated in Pig. 1, which shows the individual distribution of the 
hemoglobin-cell voliimc relations. TJie two lines indicate true proportionalties, 
based on the hemoglobin and cell volume avei’ages, and coincide w’ith those drawn 
to indicate the tendency tow'ard proportion, in either series, as shovm by the 
distribution of the individual findings. It is clear, from Pig. 1, that W’hile 
a certain correlation docs exist, individual determinations show’ too great a 
variance, in both directions, for it to be applicable in individual cases. 

The cell volumes w’cre found by spinning the oxalated or heparinized blood 
at high speed until there w’as no further packing of the cells ; then the volume of 
the latter is given in per cent of the volume of the whole blood. For the o.x- 
alated series w'e found a mean value of 33.4 per cent, wdth a standard error of 
0.41. The computed range, from these figures, to cover individual detennina- 
tions, is from 22.7 to 44.1 per cent. With the heparinized blood the mean value 
was 38.5 per cent, with a standard error of 0.64, giving a computed range of 26.9 
to 50.2 per cent. 

Hemoglobin w’as determined by the Fisher eleetrophotometer, using the 
method described by Evelyn,* 50 cu. mm. of blood in 10 c.c. of w'ater, with 1 drop 
of strong ammonium hydroxide added immediately before reading, using a 525 
millimicron filter. For the combined series of 112 determinations, W’C found a 
mean of 11.43 Gm. hemoglobin per 100 c.c. of blood, mth a standard error of 
0.11. The computed range for individual determinations w'ould be from 7.8 
6m. to 15.0 6m. per 100 c.c. 

^ EYom the Laboratory of the Maternip' Hospital and the Department of Biocliemistrj. 
Western Reserve University School of Medicine. 

Received for publication, Nov. 15, 1944. 

•Evelyn. K. A.; Determination of Oxyhemoglobin, J. Biol. Chem. 115: 63, 
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SUMMARY 

Correlations of 0.677 and 0.747 ‘vvcrc found between the red cell volume and 
hemoglobin of blood from pregnant women, using potassium oxalate and heparin, 
respectively, as anticoagulants. Variations were found in about 25 per cent of 
the cases, in both directions, as shown in Pig. 1. 



• Fie. 1. — Uistribnlion of the individual hemoglobln-ceU \oluoie determinations on pregnant 

women. 

llcan values, with computed ranges to cover individual findings, uere estab- 
lished for tlie red cell volumes and Iicmoglobiii concentration in blood from preg- 
uaiit women. 


LABORATORY METHODS 


A ]\1ETI-I0D FOR THE COLORTMETRIC DETERMINATION OP 
POTASSIUIM IN BIOLOGIC PRODUCTS 

Anthony A. Alhanhsk, Ph.D., and Dorothy L. Wacjner 
Baltimore, Mo. 

I N UNDERTAKING a study on the effect of protein and amino acid defi- 
ciency states oh the mineral metabolism of the human being and experi- 
mental animals, it became necessary to find a satisfactory, yet rapid, procedure 
for the estimation of iiotassium in tlie urine and tissue digests. Our e.xperi- 
ments with a number of the many procedures available for this analysis demon- 
strated that on modification the colorimetric technique reported by Blaneiietiere 
and Pirlot^ was extremely well suited to onr puriioses. This method is based 
on the measurement of iiotassium as the green color produced by the basic 
carbonate of cobalt which is obtained by transforming the insoluble potassium 
sodium cobaltinitritc into the respective chlorides of the complex cations and 
treatment of the mixture with bicarbonate. Our modification of the procedure 
involved an improvement in the over-all accuracy by establishment of optimal 
precipitation conditions for the cobalt initrilc complex and increased speed of 
operation achieved by the elimination of what jiroved to be a long and unnec- 
essary dehydration period for the conversion of the cobalt complex into the 
chlorides by tlie use of concentrated hydrochloric acid. The adequacy of these 
modifications was demonstrated by the quantitative recovery of potassium added 
to urine specimens and tissue digests. 

In ordei' to obtain base-line data for our subseciucnt studies on human 
sub.iects fourteen twenty-four hour uinnc specimens from seven normal adult 
males maintained on uni’cstricled nonnal diets were analyzed for potassium 
and nitrogen content. These were found to contain from 2.92 to 4.76 Gm. of 
potassium with the nitrogen potassium ratios varying from 2.51 to 4.05 for the 
series. 

Application of the method to human scrum and red blood cells yield values 
wliieh compare favorably ndth those reported in the literature. Analysis of 
neutralized acid digests of eight whole immature rats (70 to 125 Gm.) showed 
the potassium content to be 0.61 ± 0.04 per cent. 


EXPERIMENTAL 

Reagents . — 

Sodium cohaltinitrite reagent:" To a solution of 25 Gm. of cobalt nitrate 
dissolved in 62.5 c.c. of 20 per cent acetic acid (by volume) in a 1 liter Erlen- 
meyer flask are cautiously added 210 c.c. of a solution of sodium nitrite pre- 
pared by dissolving 120 Gm. of the salt in 180 c.c. of water. After the wgor- 
ous evolution of nitrogen oxide gases which ensues has subsided, the remainder 


Prom the Harriet Lane Home, The Johns Hopkins Hospital, ana the Departroen 
Pediatrics of The Johns Hopkins University. 

Aided by grants from the Kockefeller Foundation and the Nutrition Foundation, I • 
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of the gases ‘are removed by drawing air through tlio solution. The reagent 
is then filtered and stored in the icebox where it keeps well for three or four 
months. 

Ethyl alcohol: 30 per cent solution by volume. 

Hydrochloric acid: 90 per cent solution by volume. 

Potassium hicarionatc: Saturated solution. 

Hydrogen peroxide: 3 per cent solution prepared by 1:10 dilution of 
Superoxol. 

Potassium standard: 94.S mg. of oven-dried (100°) potassium chloride 
are dissolved in 100 c.c, of distilled water; 1 c.c. of this solution is equivalent 
to 0.5 mg. of potassium. 

PROCEDURE 

Preservation of Pn'ne.-;— Twenty-four hour specimens were collected in 
brown bottles containing 50 c.c. of 15 per cent HCl (by volume) and 1 c.c. 
of 10 per cent alcoholic tlijunol and were made to a uniform volume of 2 liters 
before i-emoval of the sample for potassium determination. It has been found 
that under these conditions the potassium content of the specimens remains 
unchanged after storage for one week or more at room temperature. 

Method. — To 1 or 2 c.c. of urine, or samples (pH 5-6) containing not more 
than 3 mg. of potassium, in a 15 c.c. gi-aduated conical centrifuge tube are 
added 2 c.c. of the cobaltinitrite reagent and distilled water to make a final 
reacting volume of 5 c.c. After the mi-vtures have been allowed to stand for 
at least two hours at room tempei'atures, the tubes are centrifuged for ten 
minutes at 3,000 r.p.m. and tlie supernatant solutions discarded by careful de- 
cantation. The yellow precipitates arc washed twice b 3 ' successive resuspension 
in 5 c.c. of 30 per cent ethanol, centrifugation, and decantation of the super- 
natant fluid. The tubes are inverted on to filter paper and drained for ten or 
fifteen minutes; then 0.5 c.c. of 90 per cent hj-drochloric acid is added to each 
sample and the precipitates are dissolved and nitrogen oxide gases driven oil 
by heating gently over a Fischer microburner. The blue test solutions are 
cooled in tap water, and on the addition of 0.5 c.c. of 3 per cent hj-drogen per- 
o-xide a deep pinic color appeai-s. Now saturated potassium bicarbonate solution 
is added dropwise until effervescence ceases and the solutions turn to a deep 
emerald green color. The samples arc all made to the 10 c.c. mark with bicar- 
bonate solution and read in the Ivlett-Summerson pliotoolcctric colorimeter using 
the S-60 filter. As a check on the satisfactory performance of these operations, 

1 c.c. and 5 c.c. aliquots of the potassium standard are run simultaneously with 
each set of urine samples. Since the color intensity shows no tendenej^ to fade 
in two or three hours, it is possible to perform as many as tw'clve duplicate de- 
terminations in each run without danger of error from this source. 

Calculations. — The amount of potassium in the samples can be readily cal- 
culated from the following formula : 

Be ading of sample ^ ^ standard — mg. of K in sample 

Heading of standard 

Hr, since the eolor reaction obej's Becr^s law, the potassium content of a given 
sample ean be estimated directly from a previously prepared calibration curve. 
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RESUETS 

In order to assess the qnajilitalive effect of the modifications made in the 
reaction conditions of the metliod, suitable aliquots of the potassium standard 
were submitted to the manipulations previously described, TJie linear relation- 
ship of the color intensity to the amount of potassium which is obtained by the 
use of the method (Fig. 1) is interpreted as evidence of the suitability of the 
modifications and validity of Beer’s law for the color reaction. 



Fig. 1. — Relation of color intensity to amount of potassium. Each point ''fP™®il,.intion 
average of ten determinations. The bars above and below each point indicate uie a 
of the readings. 

The applicability of the procedure to the urine was indicated by the quaii 
titative recovery of added potassium (Tabic I). 

The results of the nitrogen® and potassium analysis of twenty-four hoiu 
specimens of seven normal adults on unrestricted nonnal diets are shown m 
Table II. When due consideration is given to the qualitative and quantitatne 
variations of the food intake which prevailed, the N/K ratio would not seem o 
fluctuate too greatly either for the individual or the group. 

The analyses of 1 and 2 c.c. samples of blood serum from six different nor^ 
mal children subsequent to ashing in a muffle furnace for twentj'-four boms a 
500° C. gave values ranging from 14.4 to 21.8 mg. per 100 c.c. The potassium 
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content of adult human erythrocytes ^vas determined by ashing 200 to 500 mg. 
samples of carefully -washed .and dried cells in the unifile furnace and found 
to be 0.44 per cent. These figures are well within the range of those repoi'ted 
by other investigators.'* 

Table I 

Recoveet op Aboed Potassium 


SAMPLE 

i‘OTASSIUM ADDEB 
(ifO.) 

poTASsrusr pound 

(MO.) 

RECOVERY or ADDED 
POTASSIUM 
(PER CENT) 

Urine A, 1 c.c. 

i) 

1.33 


Urine A, 1 C.c. 

0.53 

1.90 

102.0 

Urine B, I c.c. 

0 

1.7S 


Urine B, 1 c.c. 

0.53 

2.30 

99.5 


Table II 

Patly Ootpot Op Potassium anp Nitroooc op Norsial Males o>c Noesial Diet 


SUBJECT 

BODY 

WEIGHT 

(KO.) 

PIRST WEEK 

SECOND ^VEEK 


TOTAL K 
(OM.) 

TOTAL N 
(OM.) 

N/K RATIO 

■MM 

TOTAL N 
(OM.) 

a/K R.’.TIO 


79.5 

3.30 

12.95 

3.92 


11.48 

2.DD 


03.0 

2.92 

10.75 

3.08 


10.60 


G 

(iS.d 

3.16 

11.40 

3.61 

3.2.3 

BIIMH 

3.38 

7 

77.4 


10.4$ 

2.68 

4.24 

10.60 

J.51 

S 

71.9 

3.57 


3.48 

3.50 

12.90 


9 


4.76 


3.63 

3 83 

14.91 


10 

79.0 

4.76 

17.20 

3.62 

S.54 

13.54 



COMMENT 

The accuracy of potassium determinations based on gravimetric or titii- 
metrie or colorimetric elaliorations of the eobaltinitrHc procipitatiou has 'ecu 
the subject of much discussion. The errors inherent to the gravimetiie methods 
arise from variations in potassium content and solubility of the complex. u 
bard^ and Jondrassik' have described schemes to overcome the variability m 
composition. Solubility errors prompted Breli and Gaeblor” to precipitate 
potassium as silver potassium cobaltinitrite ivhicli is presumably css so u e 
than the sodium analog. In spite of tlicsc modifications, unanimity of opinion 
on the validity of grai-imetric data docs not seem to have been reached as yet. 
Inasmuch as in our method the color readings are made with reference to a 
potassium standard wliicli has been submitted to operations identical to those 
of the unknown, it is not ncccssaiy to consider the effect of composition varia- 
tions of the comple.v or to correct for its solubility. That these factois rcmam 
constant in our procedure can be adduced from the reproducibility of the ca i- 
bration curve and recovery test data. 

The titrimetrie estimation of potassium by tlie use of acid permangana c 
has been criticited principally on the score that the precipdates may contain 
organic substances wliich would result in high values. Devices to civcumven 
this diffieiilty have been described by Hubbard’ and Leiilier,* but they are 
laborious and of doubtful efficacy'. , , 

Of the many inorganic and organic color reactions reported m the literature 
for the assay of potassium in terms of the cobalt or nitrite content of he com- 
plex, that of Blanehctiere and PirloD was selected by us because it i.s the least 
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affected by variations in reagents quantities and yields tlie most stable color. 
The use of artificial standards is obviously not to be recommended as these 
would introduce the composition and solixbility errors discussed below. 

Calculations from Clark’s® data show that the adult male retains from. 
200 to 180 mg. of potassium per day of an average intake of 2.47 6m. of po- 
tassium. The experiments of Loeb and associates’® confirm these figures and 
further reveal that the retention is not greatly affected by an increase in the 
potassium input. In view of the I’elatively small potassium requirements of 
the human adult, it is obvious from our excretion data that the average American 
diet supplies an abundance of potassium. It is of further interest to note that 
our potassium excretion values arc in good agreement xvith the calculated 
average potassium content of the American daily diets.'’ 

SUJIJIARY 

A simple and aceiirate colorimetric method for the estimation of potassium 
in biologic materials has been described. Application of the method to 'urine 
of seven normal adult males on normal diets showed that the daily potassium 
output varies from 2.92 to 4.76 Gm. The analyses of human blood serum and 
red blood cells gave values which are in accord with those found in the literature. 
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THE OCCURRENCE OF HIGH BLOOD BLANKS IN THE COLORIJIETRIC 
DETERMINATION OP SULFONAMIDES 


H. Biiuce Collier, Pii D. 
Halifax, N. S. 


H OLBOURN iuid Rattle' have recently claimed tliat in their modification of 
the dimethyl-a-naphtliylamine method' for estimating sulfanilamide it is 
not necessary to remove the excess nitrite. Under our conditions it lias been 
found, however, that this method may stive veri" high blank values for normal 
blood (rat, rabbit, and beef), especiall.v when Iiydrol.vzed with HCl. "When high 
blood dilutions, such as 1:200, are used, the blank values for normal filtrates 
hydrolyzed with HCl have reached 50 mg. per cent, e.xpressed as sulfanilamide. 

A purple color is produced, the intensity' of which increases indefinitely. 
This is apparently due to impurities in the coupling agent, for MarshalR states: 
"A high blank value may be obtained with certain samples of dimcthyl-a-naph- 
thylamine due to contamination with a-naphthylamiue.’' We have found that 
destruetion of the excess nitrite witit urea, or with ammonium sulfamate as in 
Marshall and Litchfield’s' method, results in relatively steady readings and 
low blanks. 


Method . — Normal blood was Iicmolyzcd m distilled water and precipitated 
with trichloracetic acid at a final concentration of 3 per cent. Hydroly’sis was 
carried out by heating the filtrates for one hour in the water bath in the prosonoe 
of 1 o.c. of 4 N HCl or HjSOi per 20 c.e of filtrate. Readings were taken in a 
photoelectric colorimeter with a green filter ten and fifteen ininutc.? after the 
addition of the coupling a^ent. The various methods were standardized against 
sulfanilamide, using the ten-minute readings. 

The coupling agents, dimcthyl-n-naphthylamine and N-(l-nnphthyl)-cthyl- 
cnediaminc dihydroehloridc, were obtained from the Eastman Kodak Co. All 
other chemicals were of reagent grade. In the modified Ilolbourn and Rattle 
method, urea was added as 0.5 c.e. of 40 per cent .solution, and ammonium sul- 
famatc as 0.5 c.e. of 0.5 per cent solution, three minutes after the addition of 
nitrite. After a further two-minute period the eouiiling agent was added. 


Resatts.— Typical of our results with various blood samples are the values 
given in Table I for blanks on normal rabbit blood diluted 1 :25. The values are 
expressed as equivalent sulfanilamide conccnlratioiis m the filtrates, reagent 
blanlis having been deducted from the blood blanks. 

AVhen dimethyl-a-naphthylamine is used and the excess nitrite is destroyed, 
the blank values are low and the readings arc virtually constant. The values 
compare favorably with those obtained in the Bratton and Marshall method 
using N-(l-naphthyl)-cthylcnediamine. Lee, Hannay and Ilaud' have o’oimed 
that in this latter method the sulfamate may he omitted if alcohol is added The. 
recommend the use of ILSO, for hydrolysis, and TaWe I shows that by this 
method the blank values are e.xtremcly low; when HCl is used, however, tie 
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blanks are liigli. We have observed that steady readings arc not obtained un- 
less at least 0.2 mg. per cent of sulfanilamide is present. However, the errors 
are small when ten minutes is taken as the standard time, and the absence of 
gas bubbles makes this method very eonvenient. 

TAm,E I 


Bl.\nk Vauuks on Normal Rabbit Blood Dilutkd 1:25 
(Excressed as fto . Sulfanilamide pei: loo c.c. Filtk.vte) 


MKTHOD 

• 

IIEAQENT 

10 MIK. 15 MIN. 

IIEOOD FIETnATE 
10 Stiy. 15 MZK. 

IIYDROLyZED . 
FILTRATE 

10 MIN. 15 MIN. 

Holbourn and Battler 

54 

05 

47 

04 

73 

93 

Holbourn and Pattlci plus urea 

41 

38 

2 

o 

5 

5 

Holbourn and Battler plus sulfamate 

38 

30 

2 

1 

4 

5 

Bratton and MarslmlB 

5 

5 

c» 

• > 

4 

4 

Lee, Hannay, and Hands 

20 

24 


•> 

— u 

0 

_2 

Lee, Hannay, and Hand® Iwdroh'zed 
with HCl 

— 

— 

— 

— 

24 

S3 


SUMMARY 

In the colorimetric detemination of sulfonamides with dimethyl-a-naphthyl- 
amine and with N-(l-napIithyI)-othyicncdiamine, normal blood filtrates may give 
very high blank values unless the excess nitrite is destroyed with urea or sul- 
famatc. The blanks are especially high when blood filtrates are hydrolyzed 
with HCl. 
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NEW TYPE OP NEEDLE HOLDER* 


Captain C. Zukeiim vn 
JIedical Cori^, United States Ansivt 

I N DOING venepuncUires at tlie Red Cross Blood Donor Center a small quan- 
tity of novocain is injected with a sterile h3'podcrmic needle before the vene- 
puncture needle is inserted. WheiMi 900 to 1,000 donors are bled dailj’ a large 
number of hypodermic needles arc required since a fresh sterile needle is used 
for each donor. To have these needles readily available for use has constituted 
quite a problem. Jlany of the Blood Donor Centers use individual test lubes 
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for each needle, but that involves a great deal of work both in preparing the 
needles for autoclaving and in removing the needles from the test tubes. 

At the Chicago Blood Donor Center cork needle holders were used, each 
needle holder containing 40 needles and being covered by a crystal dish 100 
by 50 mm. This was a time-saver but had the disadvantage that after re- 
peated autoclaving the cork would deteriorate and cause plugging of many of 
the needles. Also, the cost of di.scarded cork holder’s and the increasing dif- 
ficulty in securing the cork were additional factors in prompting us to search 
for a method to overcome these objections. As a re.sult a new type of needle 
holder has been developed. 

The new irecdle holder (Pig. 1), which is now in use at the Blood Donor 
Center of the Chicago Chapter of the American Red Cross, was constructed of 
spun copper, chromium plated, with a special brass supporting knob with a 
snap-on lock feature accommodating the spring lock cover. This type of needle 
holder offers many, advantages in that it is light, durable, and easily sterilized. 
It holds 50 needles size '25-0, % of an inch in lengili. 






Fie- 2. — Needle holder assembled. 


The chromium needle holder (Pig. 1, A) is placed in a crystal dish (Fig- 
1, C) 90 by 50 mm. The needles are placed in individual perforations with 
points do^vn and covered with a chromium-plated lid rvith a spring lock (Pig- 
1, B) -which holds the needles in position, and the entire holder is covered wit i 
a crystal dish 100 by 50 mm. (Pig. 1, D) and then autoclaved. For use on the 
mobile units a piece of gauze is interposed between the bottom and top crysta 
dish so as to avoid breakage of these dishes in transit. 

The needle holder is placed on the working stand between two bleeding 
tables; the weight of the needle holder is sufficient to keep it from sliding 
on the table. The crj'stal dish cover is lifted, the chromium lid removed, an 
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tlie crystal cover replaced. In use the cover is raised with one hand and a 
sterile syringe containing novocain is inseitcd into the upright shank of the 
needle, which is removed without touching any of the adjacent needles, and 
the crystal dish cover is then replaced. A similar procedure is carried out in 
each individual ease. 

This needle holder has been in use at the Blood Donor Center in Chicago 
for the past four months wlicrc approximately 100,000 venepunctures have been 
done with a large varying personnel. It has been found to be a simple and 
time-saving method for changing needles. It has been satisfactory in over- 
coming the objection of the cork needle holders. It is our opinion that physicians 
performing mass immunizations or allergists performing numerous intra-dermal 
tests might find this type of needle holder useful. Its depth could be varied 
to hold needles of other lengths. 



BOOK REVIEWS 


Outline of the Amino Acids and Proteins. Edited hy Melville Sahjun, ILA., 
Pii.D., Vice Pre.sident and Director of Research, Frederick Stearns and 
Company, Detroit, Jlieh., and tliirteen contributing authors. Reinhold 
Publishing Corporation, New York, N. Y, Price $4.00. Cloth with 260 
pages, illustrated. 

It is now genei'allj'' appreciated that amino acids and proteins play both a 
unique and essential role in life processes. In planning the makc-\tp of the book, 
the author takes the commendable position that if one is to understand the mani- 
fold functions of amino acids and proteins, a Imowledge of their occuii’enoe, 
eompo.sition, piiysieal chemical pi'opcrties, and beliavior is essential. The sub- 
.ieet matter is pi-esented in twelve short and concise eliaptei’s. The first six 
eliapters deal with the discovery of the amino acids; tlie occurrence, amino acid 
content, and properties of proteins; the slnrcture of tlie protein molecule and 
the hydrolysis of proteins; the synthesis and isolation of certain amino .acids; 
and the methods of analysis for amino acids and proteins. Tlie last sbe ehaptei’s 
consider the relation of amino acids and their de^i^mtives to immunitj’; the rela- 
tion of amino aeids to hiologically important pj’oducis and the role of certain 
amino acids in detoxication ; the metabolism of proteins and amino acids and the 
intermediary metabolism of individual amino acids; the significance of amino 
aeids and proteins in nutrition ; and nitrogen equiJibr’inm and the biological value 
of proteins. 

It is appreciated that in recent years several comprehensive texts dealing 
with the chemistry of the amino aeids and proteins have appeared. The present 
book does not aim to cover all phases of the subject nor does it attempt to treat 
any subject exhaustively. It is UTitten with the purpose of outlining in a simple 
and readable manner the essentials of the cliemistry and biochemistry of the 
amino aeids and proteins and to serve as a background for those who wish to 
go into the subject more deeply. In this respect the book would appear to have 
a definite place and should be well received by students and teachers of bio- 
chemistry as well as by clinicians desiring readable information on the subject. 

B. M. 

Manual of Clinical Mycology. Prepared under the auspices of the Division of 
Medical Sciences of the National Research Council. By Norman F. Oonaih, 
Ph.D., Assistant Professor of Bacteriology, Duke University Sehool of Bledi- 
cine, and Mycologist to Duke Hospital; Donald Stover Martin, M.D-> 
soeiate Professor of Baeteriologj^ and Associate in Medicine, Duke Urn- 
versity School of Medicine; David TilUnnon Smith, M.D., Professor ot Bac- 
teriology and Assoeiate Professor of Medicine, Duke University School o 
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Medicine; Roger Renio RaJcGr, M.D., Associate Professor of Pathology, in 
charge of Surgical Pathologj', Duke University School of Medicine; and 
Jasper Lamar Galloway ^ hl.D., Assistant Professor of Medicine, in charge of 
Der-matology and Syphilology, Duke Univei'sify School of Medicine. 'W. 
B. Saunders Co., Philadelphia and London, 1944. Price $3.50. Clotli, 5% 
by 1% inches with 348 pages and 148 figures. 

This book follows the style of other military medical manuals published by 
the Saunders Company particularly for the Armed Forces. It is small, com- 
pact, well illustrated, well printed, and has few typographical errors. The 148 
figures make up 11 world maps which show the distribution of some of the my- 
coses; 19 roentgenographs; 37 illustr.ations; and 197 photographs of myeologic, 
clinical, and pathologic aspects of the diseases. 

Bach of the five authors was responsible for certain sections which were 
incorporated in each chapter and the whole rewritten and coordinated b.v Don- 
ald S. Martin. Nonnan P. Conant contributed the mycology section; Donald 
S. Martin, the section on geographic distribution and immunology; David T, 
Smith prepared tiic sj-mptomatologj’, difterenti.al diagnosis, prognosis, and treat- 
ment of the systemic diseases ; Roger D. Baker was responsible for the pathology ; 
and Jasper L. Calloway contributed the clinical aspects of the dcrmatom.vcoses 
and other superficial mycoses. There arc twenty-five chapters, file last two deal- 
ing with the fundamentals of elementary mycology and contaminants. The 
appendix contains a formularj' and deals with methods of study. The indc.v is 
complete. 

The recognition of the importance of mycotic infections is borne out by 
the amazing increase in publications of case reports, experimental investiga- 
tions, and, more recently, textbooks. The controversies as to the nomenclature 
of fungi, however, still exist. In tliis respect, the .authors Inavc tried to simplify 
the identification and classification of p.atliogcnic fungi. In so doing, hotveyer, 
many of the commonly accepted n.amcs have been eliminated or reduced to 
synonjany with other lessor known names with the result that moi-o confusion 
will e.xist. Examples of this are Trichophyton purpurcum, which is referred to 
as r. ruhrum, and Achorion Schonhinii, which is changed to Trichophyton 
Schonleinii, Paracoccidiodcs brasiliensis, P, ccrebriformis, and B. ienuis, the 
agents of South American blastomycosis, arc all transferred to the incorrect, 
but still maintained genus Blastom 3 -ces as the single .species R. brasiliensis. 
The genus Actinomj-ces is used only for the anaerobic, gram-positive .and non- 
acid-fast organisms represented by the single species, A. bovis, whereas the 
aerobic forms which are also Gr.am-positivc and some of whicli are acid-fast are 
called Noeardia. Such a separation can be very confusing, especially in view 
of the work of some investigators who find that oxj-gen requirements can be re- 
versible with this group of organisms. 

To simplify the identification of fungi in tlic laboratoiy, the authors recom- 
mend the use of blood agar incubated at 37° C. Unfortunatel}-, sucli a pro- 
cedure, if at .all useful, e.an be so only in the hands of a trained mj-cologist and 
should not be relied upon for species identification. 

The clinic.al discussions for most of the sj'Stcmic ni} coses arc m ell presented, 
although brief for some diseases. In contr.a.st, tlic methods of treatment for 
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some of the mycoses are numerous and might be confusing to the clinician. The 
use of vaccine desensitization is stressed, especially in certain patients with 
blastomycosis. The Imown immunologic phenomena are ^yell presented although 
the value of skin testing with fungous extracts in many mycoses is considered 
either as doubtful or nonspecific. The sections on pathology emphasize particu- 
larly the appearance of the organism in tissue but also present most of the salient 
features of the pathologic processes. Unfortunately, not all of the diseases de- 
scribed have sections on pathology. 

This book should be a valuable addition to one’s library. It is easy to 
handle, inexpensive, and contains recent information both for the clinician and 
for the laboratory technician. 

Etiology, Diagnosis and Treatment of Amebiasis. By CliarJes F. Craig, 
M.D., M.A. (Hon.), P.A.C.S., P.A.C.P., Colonel, U.S.A., Retired, D.S.M.; 
Late Commandant, Array Medical School, and Assistant Commandant, , 
Army Medical Center, 'Washington, D.C.; Emeritus Professor of Tropical 
Medicine, Medical School, Tulane University of Louisiana, New Orleans, 
La. Williams & Willdns Company, Baltimore, 1944. Price $4.50. Cloth 
with 332 pages. 

This is a priceless encyclopedia on the important subject of Amebiasis writ- 
ten by the world’s renowned authority. Every phase of the subject is system- 
atically presented with the usual clearness and conciseness which characterize 
Colonel Craig’s writings. It contains all recent and valuable information ac- 
cumulated in numerous researches since the first publication of the author’s 
treatise on Amebiasis and Amebic Dijsentcry in 1934. These additions, together 
with those preceding, which have undergone the author’s careful and pains- 
taking scrutiny, based on his wide personal expei-ience, are the highlights of 
the book. 

We may say that Amebiasis would seem sufficient for the title of the hook 
without specialization, as every phase of the subject is included. 

The book is strongly recommended to all those engaged in clinical and 
laboratory medicine. 

H. T. 

Aids to Clinical Pathology Including Postmortem Technique. By David 
Haler, M.B., B.S. (Hons.) London, D.C.P. London, Hon. Pathologist, 
All Saints’ Hospital, London, and Pathologist, Emergency Medical Service; 
Member of L.O.O. Panel of Special Pathologists; Williams & A¥ilkins Co., 
Baltimore, 1944. Cloth with 358 pages. 

The Reticulo-Endothelial System in Sulfonamide Activity. By Frank 
Thomas Maher, Ph.D., Assistant Professor of Pharmacognosy nm 
Pharmacology. University of Illinois Press, Urbana, HI. Price $2.50. 
Paper bound with 232 pages and 23 figures. 



THE QUANTITATIVE DETERMINATION OF THE SERUM BILIRUBIN 
WITH SPECIAL REFERENCE To THE PROJIPT-REACTING 
AND THE CFILOROFOBM-SOLUBLE TYPES 

Hector Deed* vvd (’ecu- .Dmfs Watsox 

Jfl.N-NE.\I’OUS. 

S INGE five ongiival descviptioH ivy vivn tfoii Bei-vrh and Snapper'" of a method 
lor the quantitative estiuiation of biljruhiu, Ivavit'd on the Ehrlich-Proscher 
diazo reaction, many modifications have been advocated. All of these have 
represented an attempt to avoid the fhii*e main -sourees of erroi* inherent in the 
original method: namely, (1) loss of hilirnhm h.v adsoriifion on the protein 
precipitate; (2) variation.s in the arohilirnhin color due to ehnnges in pH; 
and (3) imperfect color match "till the standanl color solution originally recom- 
mended. 

Regarding the qualitative asiveefs of tlie color reiielioii, van den Bergli and 
lliiller,'' in 1916, first noticed the differiue helunioi ot the “direct”- and 
“indirecf’-rcaeting scrum tiiliruhins. which has suh.seijiieutly become so well 
known. In 1934 van den Bcrgli and (.'rotepass' described a colorimetric nictliod 
for the quantitative evaluation of direct ami indirect tractions of the senim 
bilirubin. This publication likcwi.so, was folloncil Ii.v a number of proposed 
modifications.®' '®‘“ 

Of all of the methods which have been proposed, Rie one described by Malloy 
and Evelyn” has met the most general acceptance, since it permits an accurate 
estimation of total biliriihiii and a ready di.stinction between the direct- and 
indirect-reacting fraetion.s. Unfortunately, Malloy and Evelyn recommend 
reading the total direct-reacting liilirtiliiii only after 30 ininutes a.s a ronfine 
procedure, and for a more detailed sindy of the behavior of the direct icaetion 
they recommend readings at 10, 30, 60, and 120 minutes. As will he emphasiMd 
in detail later, the 10-minuto reading already eomlvme.s the prompt and dcla.t c 
types, wiiich iiavc entirely different significance, .since tiie available evidence in- 
dicates that the delavcd direct- and the indirect-reacting .vpea are muel, mo« 
nearly related and that tiie delayed t.vpe should, accoriliiml.v , he estimated s p.^^ 
rately. Even the 5-minute reading a.s pi-oposed by Cnnl.arow and his associate, 
has the same disadvantage. 

The time UnvU for the prompt a.s compared with the do ayed is hound to 
iiw ume uwur i liiiinihin and sera from 

he somewhat arbitrary. Based npon s ml i . ,„„,,.asted with hemol.vtie 

cases of mechanieal jiUin<lice, on the ono la , ■ 
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jaundice sera or hemorrhagic bilirubin containing fluids from body cavities 
on the other,'*' it appeai-s certain that nearly all of the prompt-reacting type 
give rise to azobilirubin fonnation within 1 minute, while the delayed direct- 
reacting type has not yet begun to produce color at this time. Admitting that 
there may be slight overlapping in some instances, it is nevertheless certain tliat 
a division at 1 minute offers the greatest likelihood of a sharp separation of the 
two foiTOs when the basis of separatioji is speed of reaction only. 

The separate measurement of tlie direct- and indirect-reacting bilirubins 
has been approached from a different angle following the first report and sub- 
sequent papers of Grunenberg'®*'® who noticed that the indirect-reacting bili- 
rubin is soluble in chloroform, while the direct-reacting type is not. His observ'a- 
tions have been confirmed by a number of in'vcstigators, and some of them have 
used this differing behavior for the quantitative estimation of both types of 
bilirubin."*""’ Heilbrun and Hubbard"” have applied the chlorofoim solubility 
of the indirect-reacting bilirubin to perform an improved icteric index. No 
mention has been made of the question of chloroform solubility of the delayed 
direct-reacting bilirubin. 

The description by Feigl and Querner"’ of the .so-called biphasic reaction 
complicated the interpretation of the qualitative van den Bergh. JfcNee” be- 
lieves that this type of reaction is due to the presence in the serum of certain 
proportions of both direct- and indirect-reacting bilirubins. We believe the 
biphasic reaction is better e.xplained b.v the relative amount present of prompt- 
reacting and delayed direct-reacting bilirubins. As noted, however, the latter 
is believed to have the same significance as the indirect-reacting bilirubin. Hence, 
it is important to differentiate both types of direct-reacting bilirubins in any 
quantitative method. This is easily achieved by a slight modification of the 
Malloy and Evelyn technique consisting simply of making the reading for the 
prompt direct-reacting bilirubin at 1 minute after the addition of the reagent 
to the diluted .serum.“° The total direct-reacting bilirubin is read at 15 minutes. 
In some sera with a high content of the delayed direct-reacting bilirubin some of 
it is unable to react within 15 minutes, but this is of little moment since any 
that does not react directly will be picked up in the total reaction following 
addition of alcohol. The 15-minute period is purely arbitrary, since the longer 
one waits, the more of the so-called indirect-reacting bilirubin mil i-eact directly, 
that is, without addition of alcohol. Actually it may be superfluous to measure 
the delayed or 15-minute value at all, and we believe that this can be omitted 
without seriously affecting the information derived, either from a clinical or 
fundamental standpoint. We have, however, retained the 15-minute delayed 
reading for purposes of comparison, as given below, and we feel that it has some 
value in serving as a dividing zone between the pure prompt type reacting within 
1 minute and the pure indirect which has not reacted after 15 minutes except 
mth the aid of alcohol. In other words, the 15-minutc value pemits a sharper 
separation of the prompt-reacting and the indirect-reacting types. The reading 
for the total bilirubin is made 15 minutes after the addition of alcohol.* 

To recapitulate: 

1. The 1-minute reading ; prompt direct-reacting bilirubin. 


•Mallov and Evelyn allowed a 30-minute period after addition of alcohol. Our experience 
has shown that the values are the same after 15 minutes as after 30 minutes. 
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2. The 15-ininute reading ; total direct-reacting bilirubin. 

3. The difference between the 1- and 15-minute reading: delayed direct- 
reacting bilirubin. 

4. TJie 15-ininute reading after adding alcohol, total bilirubin. 

5. The difference between this and the reading for total direct-reacting 
bilirubin : indirect bilirubin. 

Cantarow and co-workers,** on tJie basis of their study of the direct (30- 
minute)-reacting bilirubin, comment: ‘‘It is obvious that the production of the 
qualitative direct reaction, at least in scrums of relatively low bilirubin content, 
is not determined by the eonecntration of direct-reacting bilirubin or by the pro- 
portion which it constitutes of the total. It must be remembered, however, that 
readings of the qualitative reactions are made at 30 minutes, wliich may be 
responsible, in part at least, for the diserepancy.'’ These investigators found 
higher values for direct-reacting biliriihin (30 minutes) in sera from patients 
with cirrhosis or mild degrees of hepatitis than in the controls, both groups 
liaving a normal concentration of total seimni bihrubin. These results have not 
been confirmed by othei’s.®^ Pleasuring the prompt (1-minutc) bilirubin, Del- 
gado” found that the tj-pe of qualitative van don Bergli reaction depends upon 
the amount of prompt bilirubin present as can be seen in Tabic I. 


Table I 


Correlation Between the Amount op Direct-Reactino Biurubin Asa the Types or the 

QUALITATni: VAN DEN BeRGII Re\OTIO.N (DE),f-An028) 


NUMBER OP 
DETERMINATIONS 

QUALITATI^T 

VAN DEN BEROU 

PROMPT BILIRUBIN TOT.VL BILIRUBIN 

(1 MINUTE) RANGE RANGE 

(MG. PER 100 C.C.) 

50 

16 

40 

Indirect 

Delayed bipimsic 
Prompt bipliasic 

0.00 to 0.15 

0.15 to 0.88 

1.01 to 0.08 

0.70 to l(i.U4 

0,03 to 3.27 

2.60 to 17.18 


Sepulveda and Osterberg” have recently applied the method of Varcla- 
Puentes and Recarte'” to the photelometcr (Slieard-Sanford) in order to 
measure the ehlorofomi-soluhle bilirubin. The values foi irect-rcac m„ 
bilirubin are obtained in dilutions according to the Malloy-Evel.™ mctliod, bu 
this is determined only wlien the qualitative van den Bcrgh reaction js P™™P 
or hiphasie, and even then the time of the determination is rather indetaite 
being “made during the firet 10 minutes after alcohol is added. Tlic evident 
purpose of this is to avoid the error due to slow coupling of the mdirect-rcacting 
bilirubin with the diazo reagent even in aqueous solution. It has appeared to iis 
that the use of the 1-minute reading with the Malloy-Evelyn method, as already 
referred to, makes procedures of the Scpulvcda-Ostcrberg type qui e supei- 
fluous, since the former is much simpler and is not liable to v-anablos wl.icli may 
not be recognized, such as loss incident to chloroform extraction, emulsion, heat- 
ing, and other factors. 

The purpose of the present investigation, therefore has been a eo>n„ 
of the dcLi^d modification of the Malloy-Evelyn me hod ";■«> 

Osterberg procedure. An additional purpose vvas to study the cnticisms of 
Malloy-Evelj-n method recently advanced by With. 


296 


DUCCr AND WATSON 


EXPERIMENTAL 

The Malloy-Evelyn inelhod, with the time modifications noted in the fore- 
going, was compared with the Sepulveda-Osterherg metliod on forty-one human 
blood sera of varying bilirubin content. All readings wei’o made with an 
Evel;vm photoelectric eoloiameter, calibrated in the usual manner with crystalline 
bilirubin (sec Malloy and Evelyn"). TJie center setting for the Sepiilveda- 
Osterberg modification was obtained with the same mixture of chloroform- 
alcohol which they recommend for redissolving the dry rc.sidue after the chloro- 
fonn extraction rather than with water as suggested by them. As will be seen 
in Table II, the values for the chloroform-.soluble bilirubin obtained with their 
method were, for the most part, lower than those obtained by calculating the 
difference between the total bilirubin and the total direct (15-minute) value and 
were, of course, much lower than the dilTerencc between jirompt and total. 

Table II 

CoMPAuisox Between SErci.vEDA-O.STEunEno and Mai.i.oy-Evei.yn BnocrnuBE.s 
(Values in mo. per lOO c.c. or serum) 


SERUM 

sepulveda- 

OSTERBERG 1 .MIN. 

(CHCb SOI,.) 

PER CENT 
OF TOTAL 

1.) MIN . 

PER CENT 

. , total 

OF TOTAT. 

INDIRECT 

1 

0.33 

0.74 

34.2 

1.48 

68.5 

2.10 

o.os 

2 

0.44 

2.90 

72.0 

3.50 

85.3 

4.10 

0.60 

ii 

1.00 

5.20 

63.8 

6.80 

83.5 

8.14 

1.34 

4 

1.30 

4.28 

57.3 

6.12 

82.0 

7.46 

1.34 

5 

0.99 

0.23 

15.3 

0.62 

41.3 

1.50 

0. S 8 

6 

1.01 

8.28 

46.8 

10.70 

60.8 

17.68 

6.92 

7 

0.72 

0.62 

40.0 

1.23 

79.3 

1.55 

0.66 

8 

0.49 

3.94 

50.0 

5.58 

70.8 

7.88 

2.30 

9 

2.40 

9.90 

52.8 

13.40 

73.5 

18.74 

5.34 

10 

0.09 

0.12 

19.0 

0.32 

50.8 

0.03 

0.31 

11 

9.90 

0.76 

5.0 

1.00 

12.1 

13.20 

■11.10 

12 

0.20 

0.80 

35.8 

1.60 

06.6 

2.40 

0.80 

1.1 

1.70 

4.38 

47.2 

6.00 

71.1 

9.28 

2.68 

14 

0.40 

0.07 

54.0 

0.96 

77.4 

1.24 

0.2 S 

15 

0.87 

2.00 

50.5 

2.90 

74.7 

3.90 

1.00 

16 

0.80 

2.28 

31.2 

4.00 

03.0 

7.30 

2.70 

17 

2.90 

0.54 

28.0 

13.20 

57.9 

22.80 

9.60 

18 

1.80 

0.50 

13.8 

0.90 

25.0 

3.60 

2.70 

19 

2.10 

0.57 

19.7 

1.37 

47.5 

2.88 

1.51 

20 

0.88 

4.46 

09.0 

4.82 

75.3 

6.40 

1.5 S 

21 

1.10 

4.16 

57.6 

5.58 

77.2 

7.22 

1.04 

09 

0.76 

3.44 

0 / <3 

4.68 

78.0 

6.00 

1.32 

23 

1.09 

5.39 

60.3 

7.08 

79.1 

8.94 

1.86 

24 

0.40 

1.47 

40.8 

1.87 

51.9 

3.60 

1.73 

25 

0.95 

0.28 

10.1 

0.67 

38.7 

1.73 

1.06 

26 

0.51 

3.82 

65.8 

4.00 

79.3 

5.80 

1.20 

27 

0.47 

0.38 

33.3 

0.81 

71.0 

1.14 

0.33 

28 

0.40 

5.20 

57.7 

7.40 

82.8 

9.00 

1.54 

29 

2.51 

13.94 

56.2 

17.28 

09.0 

24.80 

7.52 

30 

0.07 

0.55 

50.0 

0.77 

70.0 

1.10 

0.33 

31 

1.31 

5.44 

46.8 

7.53 

64.8 

11.60 

4 .(JS 

32 

0.24 

0.11 ■ 

22.0 

0.22 

44.0 

0.50 

0.28 

33 

0.72 

1.27 

55.2 

1.32 

57.3 

2.30 

0.98 

34 

0.27 

4.02 

46.9 

6.38 

74.5 

8.56 

2.18 

35 

0.83 

2.46 

47.3 

3.78 

72.6 

5.20 

1.42 

36 

0.36 

1.20 

50.0 

1.86 

77.5 

2.40 

0.54 

37 

1.33 

11.36 

61.0 

14.72 

79.1 

18.60 

3.78 

38 

3.00 

0.40 

8.8 

0.90 

20.0 

4.50 

3.00 

39 

0.20 

0.24 

31.0 

0.38 

50.0 

0.76 

0.38 

40 

0.72 

2.01 

47.8 

2.70 

65.7 

4.20 

1.44 

41 

4.20 

0.83 

11.2 

1.24 

16.8 

7.38 

6.14 
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The Question nrose os to the effieioiiev <il cxtiMefuu! of the iudii'eet-rc’iiotiiif; 
bilirubin by the clilovoforin. This was stinboit m llie 1‘oiiowiuj^ way: 1 c.e. por- 
tions of various sera wore extraeteil exliausinelv uHii (‘lilorol'onn ; this eould be 
ascertained because the elilorotorm l>e(*!inh‘ colorless anil the dry rosidtio of tlie 
last extract when redissolved in ehloivforhi and ah'ohol mive a noeative van den 
Bergh reaction. The su])er))atant thud artci* the eliloroi'orni extraction was then 
treated according to tlio modified !iI;tno\-K\elvii ti'elmiqiic and, as noted in 
Table III, an impoilant fraetioij of tin* imlireet reaeling biliiaibin was still 
present; in other words, tlio cldoroform extraction Mas not parficidarly efficient. 


Values pok pROAtcr an'd 
NATANT FlUUi 

Ti»» > 

Dei,.i\eo Mii.-n-r m h 

OF Sera BxrRUTin F 

III 

mo 
Ix 11 \ 1 

wn To»'\j FUi.iftcfUSs i.v TIIK SerElc 
.siivji.t Wini I’liLOROvouM 

1-MIN- VAI.I » IV M<: 1 

VEK 1011 , . 

.1 *»IN 

ri 

* \! n K MO. 

V mo c.c 

TOTAf. rv Jtfl. 
err: lOP o.c. 

u 

L» tL’ 


•. O'* 

4 24 

h 

0.17 


<1 .v‘2 

l).42 

c 

t.o.s 


2 0i 

a.po 

<1 

\ or, 


1 H7 

2.4.'t 

0 

oaa 


1 ^^7 

2.o:i 

f 

0 a 7 


0 7.1 

1.5 

g 

0.18 


<'.♦7 

0.85 

h 

2 .")0 


1 52 

4.02 

i 

4 <52 


7.7 1 

0.25 

.i 

0 52 


o.{M 

;i.i5 


With^° has recently stated that (he ^lailoy Kiefin metluid trives low vnluc.s 
because the excessive dilution slows the mn-ii(»n He compared thi.s method with 
Jendrassik and Grof’.s procedure*” but added alhali (I-Vbiing 11) in both in- 
stances; bo eoneludod that results obtained with the Malliiy-Bvclyu method are 
from 25 to 50 per cent lower. This wa.s explained ns b(*ing duo to a weaker 
catalytic activity on the part of methyl alcohol than of the caffeine-sodium 
benzoate used by Jendrassik and (li*of 

In order to study tiiis point, tlie values for total bilirubin were obtained 
in four sera using the iMailoy-hlvclyn proccduiv and al.so using cafTcine-sodium 
benzoate instead of alcohol. Rcmlings were first imide u'ithout addition of 
alkali, after which 1 c,e. of the Kohiing If solution wa.s- added to each tube and 
readings were again taken, tliis time with a 520 filter rather Ilian tlio 540 filter 
as regularly used. This cliangc is also in accordance with the Jcndi-assik-Orof 
method. The data arc given in Table IV wlicre it is .seen that tiic vahie.s obtained 
M’hen methyl alcohol wax ii.sed are uniformly higher than tho.sc U'hen cafieinc- 


taoi-e rv 

Values ran Total BiLmuiUN- Usjko Mkthyi. Awimoi. .%m» <’AVM:i.M.-S'(»mu.M JJr.vzoATE With 
ANU Without Apwt/o.v or Aj.kai.i 


DlI.ir.rBIN IN MU. tkk too l\C- 
(WITHOUT AWrINT. ALKALI) 
MKTHYLAIA’OIIOI. ’•’* 


CAKr.'SOP BKNZ. 


v.vj.rss i.s’ Evia.v.v la-AiiiNiiR* 

fAUDLSO ALKALI) 

MBTJIVL O.ConoL CAlK.-HOfi. HBN?. 


2.bS 

1.31 

0*5 

0.48 

2.24 

02 

7.30 

3.5J 

02‘ 

(i.OO 

2.30 

015 


HU* 

sa 

«:is 

X/ 


„ 'No Mllbratlon wns ni.tle »o Ihnt «>« 

borne In mind that the higher the readlnc. the lower the concentration. 
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sodium benzoate was used, but wlien alkalinized tlie reverse is noted. From this 
it is clear that it is not a matter of diffenng catalytic effect but rather an effect 
of the alkali and caffeine on the color intensity of the azobilirubin. This un- 
doubtedly explains the lower values obtained by With for the JIalloy-Evelyn 
procedure when alkali is added. It was not recommended by Jlalloy and Evelyn, 
nor was it used in the present study. 

mscus.sioN 

Analysis of the present results shows that the chloroform-soluble bilirubin 
as determined by the Sepulveda-Osterberg method is regularly less in amount 
than the indirect bilirubin fraction determined by the Malloy-Evehm procedure. 
This is probably due to incomplete extraction by the chloroform, evidence for 
which is presented. 

Varela-Fuentes and his associates^* believe that the extraction of the chloro- 
form-soluble bilirubin is incomplete but that no essential difference exists be- 
tween the chloroform-soluble fraction and the indirect-reacting bilirubin. Lopez- 
Garcia and Zelasco** extract but once with cliloroform, employing this extract 
in a semiquantitative fashion and recognizing that chloroform extraction is in- 
complete and that the matci'ial extracted may not be an entity. 

The quantitative dift’erenee between the Sepulveda-Ostcrberg method and 
that of hlalloy-Evelyn is more striking if it is taken into consideration that the 
amount of indirect bilir-ubin (Malloy-Evelyn) has been calculated from the 
difference between the total direct-reacting and the total bilirubins. As the de- 
layed direct-reacting and indirect-reacting bilirubins arc believed to have the 
same significance, the important difference from a clinical standpoint is that 
between the prompt dii-ect-reacting bilirubin and the total. This, of coirrse, gives 
still larger differences, as noted in Table II. According to the present results, 
the chloroform extraction method is not reliable as a quantitative procedure, 
and since it is, in addition, much more cumbersome and time-consuming than the 
Malloy-Eveljm method, it is not recommended. 

The accepted end point for the qualitative prompt direct van den Bergh 
reaction is 1 minute. This is based upon van den Bergh ’s original obsemtions 
on various icteric sera, fluids, and bile. If a quantitative expression of this 
reaction is desired, it is logical to obtain the first reading at the end of 1 minute, 
that is to say, to read the prompt direct-reacting bilix-ubin. The delayed direct- 
reacting fi’action is mucli more arbitrary in that the longer one waits, the more 
of the indirect-reacting bilirubin will react directly, that is to say, without alcohol 
or other catalytic agent. This phenomenon has been observed repeatedly, 
especially with hemolytic jaundice sera. In general, it is probably sufficient 
to make use of but two readings ; the 1-minute, or prompt, and the total, follow- 
ing addition of alcohol. The 15-minute direct reading may be reserved as a 
means of separating more sharply the prompt and the indirect fractions. It JS 
quite possible that insufficient attention has been given, in clinical diagnosis, to 
the I'atio between prompt and total bilirubins. 

The percentage that the prompt bilirubin represents of the total pigment 
(Table II) is not at all proportional to the percentage which the total direct- 
reacting bilirubin represents of the total; this explains the lack of relationship 
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found by some investigators^'* between the Qualitative 
rcrcentage of direct bilirubin. 


nii.iRUDiN 259 

van den Bergh and the 


SUMMARY AND CONi'LrsiOVS 

1. A shght modificafion of the Malioy-Kvclyii tei'lmiqoe for serum bilirubin 
IS recommended, which facilitates estimation of the jn-ompt- and deiaved direct- 
veacUng types as well as tJic total b.liruhiu. The values obtained at 1 minute 
represent a quantitative exprcssion ot the iinalitafivc prompt direct van den 
oergh reaction. 

2. The biliiTibin extracted from tin* .scrum bj' chloroform, according to the 
method of Sepulvedn-Osterberg, is not equivaiem either to the indirect-reacting 
or the delayed direet-reaotiug ))!liruhin.s. fn the majority of instances it is 
loss than either, and in all instances mtirh less than the sum of the two. The 
lower values obtained by chloroform extraction are due to incomplete extrac- 
tion. Since the delayed direct and *he nidn-efi fraelions are believed to have 
identical significance, chloroforai extracriou is held to be inadequate and super- 
fluous. 

3. The objection of With to the Jlalloy-Kwlyn metliod, based on tlie assump- 
tion that methyl alcohol has a weaker catalytic activity than caffeine-sodium 
benzoate, has been found to be valid on!y for the oikalnu’ solution employed by 
With and not for the solution prepaied by tiw Manoy-E\ eh n technique and used 
in the present study. 
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THE PATHOLOGY OP EXPERIMENTAL CHOLINE 
DEFICIENCY IN 


Frank R. Dutra, M.D., and John M. i\[tTviBBiN, Ph.D. 

Boston, Mass. 

S tudies on tlie experimental pi*oduction of acute choline deficiency in young 
puppies and of liver function in these animals have been reported by 
McKibbin, Thayer, and Staro.^ Standard liver function te.sts ^rere used, and the 
results of tlie tests were correlated witlj the lipid content of the livers. The 
present study is concerned witli the lesions in these dogs and the correlation 
of morphologic changes with abnormal liver function tests 


METHOD 


Littens of weanling puppies wore used in thc.se experiments, and the clioline 
deficient diet was started after a preliminary observation period of ten clays 
Tile diets and the liver fimetion tests have been de.seribed in detail by l^rcKibbin 
and co-workers.^ The chief source of protein was peanut meal, which was used 
because of its low methionine content. 

At the end of tlie experiment, the puppies' were killed by intiMvenons injec- 
tion of sodium pentobarbital immediately after the last series of liver function 
tests had been performed.* Tissues were fixed in 20 per cent formalin solution, 
and the stains used were Iicmatoxylin-eosin, Sudan IV, and Ziehl-Neelsen i for 
ceroid*). 

RESULTS 


Data concerning the ciioHne supplementation of the diet, the weights of the 
liver and kidneys, liver and body weight ratio, liver lipid content, and the re- 
sults of the various liver function tests are given in Table I. At the time of 
autopsy, all of the animals which had been fed rations deficient in choline Mere 
undernourished. The tendency of the blood 1o clot was not so evident in deficient 
as in control animals, and marked pallor of the viscera (anemia) wa.s noted in 
two of the deficient puppies (Dogs 31 and 32) The livers of the deficient 
unimals were pale yellow or pinkish yellow. The thymusc.s of tlie animals which 
had received no supplements of eltoHnc or inelliionine were invariably smaller 
than those of littormate controls. In many instances there was no recognizable 
thymic tissue. VGicn such tissue was present, there was no gross alteration other 
than tlie small size of the organ. In Dog, 32 there was edema of the stroma of 
the thymus. 

Tlie microscopic examination revealed consistent abnormalities of tlie liters 
«nd thymuses of the dogs which had been fed diets deficient in clioline. The 
fivers of those which had received no supplemental choline or methionine con- 


Vhe control animals. 
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(aincd mucli lipid material in. vacviolcs. The vacuoles varied from small to large, 
the latter being more numerous (Pig. 1, A) Supplemental choline chloride in 
amounts of 10 mg. per 100 Gni. of ration (Dog 33) did not prevent the presence 
of fat similar in quantity and appearance to that of animals which had received 
no supplemental choline. One animal which received mg. of choline cliloride 
per 100 Gm. of lutioii (Dog 3-1) had appi'eeiably Je-ss fat in its liver, and one 
which received 50 mg. per 100 Gm. of ration (Dog 35) had a liver in wliich there 
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were only small numbers of cells which contained visible fat vacuoles (Pig. 1, B). 
The livers of animals which i-eceived suboptimal amounts of choline had rela- 
tively few cells which contained large fat vacuoles, but there were miinite 
vacuoles of ^'isible fat in nearly all cells. The large vacuoles were in focal areas 
in the lobules and were central in some and peripheral in others. One hundred 
milligrams of choline chloride per 300 Gin. of ration protected the liver against 
fatty metamorphosis. Equal protection was afforded in the absence of choline 
b.y 0.7 Gm. of dl-methionine per 100 Gm. of ration (Dog 20). The livers of 
several deficient dogs. were stained hy aeid-fa.st technique for ceroid, and none 
of this substance was demonstrated. 

The thymuses of the puppies fed diets deficient in choline were absent in 
most instances. Those which were found and examined microscopically differed 
from the thymuses of the control animals. There were few thymocytes in the 
medullary portions of the glands of the deficient animals, and the stz’oma was 
therefore prominent. The cortices were relatively thin, and the tlijunocytes were 
not so denselj^ packed together as in the control animals. The interlobular con- 
nective tissue was more prominent in the deficient animals and appeared 
edematous. The most striking change wa.s in the thymic corpuscles. In the 
conti’ol animals, tliese were relatively small, and tlie cells eompi'ising them had 
homogeneous pink cytoplasm aizd reticulated nuclei. In the deficient animals, 
they were represented by large cells often multinnclealed. The cytoplasm stained 
dark pink and vacuoles were frequent. Many had basophilic granular debris 
within the cytoplasm. The nuclei varied considerably, some being pyknotic and 
lying in lacunae in the cytoplasm, others being large and pale with aggregations 
of dark chromatin in focal collections within them. Some had snnall clear intra- 
nuclear vaciroles. 

Microscopic examination of Imain, heart, lung, spleen, pancreas, adrenal, 
kidnejq testis, ovary, stomach, intestine, eye, and costochondz’al junction of the 
choline-deficient puppies rcAwaled no abnormalities. 

DISCUSSION 

The lesions of the puppies Avhieh had been fed eholiiie-deficient rations ivere 
not observed in control animals fed similar rations and supplemental choline 
or methionine. The fact that optimal giwtli was not obtained from diets which 
were adequate in all substances but choline is apparent. The cause of the 
anemia noted in two animals is not known, but prcsiimabl.v it was related to 
clioline deficiency since none of the control dogs ivas significantly anemic. The 
anemic dogs were the only ones Avhieh liad received Bation 5 ivithout supple- 
mental choline. 

Althougli the fatty livers of choline deficiency have lieretofore been ascribed 
to fat infiltration, the irregular distribution of the fat in the livers of the puppies 
of our series is unlike that of pure fat infiltration in AA'hieh the fat is characteris- 
tically in the periphery of the lobnies. In the livers of animals receiiong suh- 
optimal amounts of choline, there Avere inAmriably some cells Avhieh contained 
large fat vacuoles, but Sudan stains of these livers revealed minute droplets in 
practically all cells even though fat was not visible in sections stained Avith 
hematoxylin and eosin. It .seems probable that the lesion of the liver is a com- 
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bination of both fatty degeneration and fat infiltration. In the livers of animals 
suffering from marked deficiency, the infiltrated fat may mask that which 
signifies degeneration. 

The diminution of liver function demonstrated bj' clinical tests (Table I) 
confirms the anatomic evidence of degeneration. It is unlikely that simple fat 
infiltration could be vcspoiisUde for such changes in an organ knoum to have a 
factor of safety of approximately SO per cent. Unpuldished experiments from 
tliis laboratorj’- on pantothenic acid-deficient puppies reveal little functional 
abnormality of the liver even though 50 per cent of its dry weight is lipid 
material. Thus it seems improbable that the mere presence of fat is responsible 
for diminution of liver function, so tliat while fatty metamoi’phosis appears to 
be an anatomic manifestation of cell injury in choline deficiency, it may only be 
coincidental. 

There were variations in the levels of plasma phosphatase, cholesterol, 
cholesterol esters, and in bromsulfalein* elimination wliich correlated closely 
with the morphologic alteration.s and lipid contents of the livers of the deficient 
puppies. The prothrombin times of the control animals were uniformly below 
fifteen seconds, and only one of the deficient dogs had a prothrombin time of 
less than fifteen seconds. In general, (he dogs having large amounts of lipid in 
their livers had correspondingly high prothrombin limes. 

The ratio of liver weight to body weight varied considerably in both deficient 
and control dogs. There was no correlation of tliis ratio with the presence or 
absence of choline in the diet. Neither was there correlation between this ratio 
and the lipid content of the livers. Tliis differs from similar observations on 
young rats deficient in choline. Studies on those animals have shown a re- 
markably constant correlation lietwccn tlic relative weights of the livers and the 
amount of lipid in the livers ^ 

The kidneys of the choliiio-deficiciit pujipies were normal. This is in marked 
contrast to the kidneys of eholine-deficient rats in which there are profound 
renal changes. These renal lesions in rats consist of epitliolial necrosis of con- 
voluted tubules and Hcnie’s loops, together witli mnrlced engorgement of capil- 
laries and subcapsiilnr glomerular Jiemorrliages.^’ '' In experiments in this 
laboratory, these lesions have been produced by a ration similar to the one used 
on the puppies.^ Variations of this type are u.sually ascribed to differences in 
species, rations, or the ages of the animals used. Since the rations were com- 
parable and the developmental ages of the deficient dogs were presumably the 
same or less than those of the rats at the begiiinin.g of the experiments, we be- 
lieve this difference to be one of species. 

The tliymuses of the dogs fed cljoline-defieieiit rations were .small and there 
was necrosis of the thymic corpuscles. There were similar changes in the 
th}’mii.ses of the rats wliich we have studied, and in .some there were dcmon.strable 
stages in tlie disintegration of tliymocytcs. Because of this, tlic small tliymuses 
are believed to be the result of disappearance of cells together with diminished 
formation of cells. The latter is indicated by almost complete absence of 
Serminal centers. The mechanism by which deficiency of choline is responsible 
for these changes is unknomi. 
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CONCLUSIONS 

The pathology of unconiiilicated choline deficiencj^ in j'onng jiuppies has 
been described. There were fatty metamorphosis (degeneration and infiltra- 
tion) of the liver and atrophic changes of the tliyimis. The ratio of gross liver 
weight to body weight did not coiTelate Aidth the choline content of the diet. 
The kidneys, and the other tissues examuied, of the clioline-defieient puppies, 
were not morphologicallj'- abnormal. 

Tlie morpliologie changes in tlie liver correlated with impairment in liver 
function and also support the growth and functional data that the choline 
requirement of the puppy is between 50 and 100 mg. of choline per 100 Gm. of 
the ration used. 

Control animals fed identical rations supplemented with sufficient choline or 
methionine were normal in all respects. 
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RECOVERY FROM FULMINATING MENINGOCOCCIC INFECTION 
WITH MYOCARDITIS PROVED BY ELECTROCARDIOGRAPHY 


Captain Joseph N. Rappaport .vnd Captain Morris Zucih^rprod 
IMedical Corps, Army of the United States 

M ENINGOCOCCEMIA -with meningitis and associated myocardial and piil- 
monaiy involvement is rarely seen. In 1936 SapliiF reported two cases of 
myocarditis with post-mortem findings. In 1939 Hartwell" reported another 
and was able to find a total of twelve such eases in the literature up to that time. 
All of these terminated fatally. Wc have been unalile to find in the literature 
any record of recovery from this complication. We were also unable to find a 
publication which presented electrocardiographic studies in meningococcic myo- 
carditis. The following is a case report and follow-up after six months witli 
electroeardiogi-aphic findings of a patient who recovered from meningoeoecemia 
with meningeal, myocardial, and pulmonary involvement. 

CASE REPORT 

A soldier 25 years of ago was admitted to an Army liospital in the European Theater of 
Operations Dec. 2i, 1943. He had been well until twelve hours before admission, when he de- 
veloped a chill followed by generalized aches, fever, and drowsiness. Physical examination on 
admission revealed a well-developed, well-nourislicd white malo wlio responded clearly to ques- 
tions. The temperature was 104.2* F. There was no rasli on tlie skin and no pctecliiae were 
visible in the conjunctivae. The nasal mucosa and pharynx were mildly reddened. The blood 
pressure was 120/72; pulse rate, 128 per minute. The pupils were equal and round and re- 
acted promptly to light. Resistance to flexion of the neck was questionable. The Ifemig, 
Brudzinsid, and Babinski signs were absent. Deep refle.xes were present and equal bilaterally 
but the abdominal reflexes could not be elicited. On admission, blood was taken for culture 
which later grew about two hundred colonies of meningococci from 1 c.c. of blood. The white 
blood count was 27,800 with 92 per cent polymorphonuclear forms. A lumbar puncture re- 
vealed clear fluid under normal pressure with no organisms nsiblo on direct smear. This spinal 
fluid contained nine erythrocytes and thirty-two leucocytes per cubic millimeter, six of the 
latter being polymorphonuclear forms and twenty-six lyinphocj'tes. The total protein was 
24.0 mg. per 100 c.c. and a culture of this fluid was later reported to be sterile. The patient 
was seen again one and one-lialf hours later. He complained of intense generalized pain with 
myalgia most marked above and below the knee joints. There was no redness, swelling, or pain 
within tho joints. No rash was visible on tho skin at tbis time. However, one hour later a 
number of petechiac wero present on the trunk, and nuchal rigidity was now definite. At this 
time the patient appeared acutely but not critically ill. A diagnosis of mcningococcemia with 
meningitis was made and treatment instituted at once. During the next few hours, the num- 
ber of petechiae increased until all parts of the body, including tho right conjunctiva, wero 
involved- Many of the early lesions soon developed into large purpuric spots. It was evident 
that We were dealing with a fulminating septicemia — the so-called purpura fulminans. 

Tho initial treatment consisted of 5.0 Gra. of sodium sulfadiazine in 100 c.c. of di.stilled 
wafer injected intravenously. Following this a vcnoclysis of 2,000 c.c. of glucose-saline solu- 
tion nas started. Intravenous administration of 5.0 Gni. sulfadiazine was repc.atcd in two 
hours. For a period of five hours there was little change in the f-oldier's condition except 
that the blood pre.‘=suro dropped to 90/00 and although of good quality, the pulse rate was 130. 
However, four hours later (thirteen and onc-lialf hours after admission) the patient was found 

Recel\e(l for publication. Feb. 1, 1945. 
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in a state of circulatory collapse U'ith a fast tliready pulse and poriplieral cyanosis; the blood 
pressure was unobtainable. At this time it seemed probable that the patient would die. Sinco 
no adrenal cortex extract was available, 5 minims (0,3 c,c.) of 1 to 1,000 solution of adrenalin 
was injected subcutancou.sly with a fair response. Tlic veiiociy.sis, which had been discontinued 
for fear of overburdening' the cardiovascular system, was now resumed. Sodium sulfadiazine, 
5.0 Gm., was added to ibe .>!o!ution and the dose was repeated in two hours. For the next 
four hours the outcome icronined in donbt. The systolic blood pressure ranged between 90 
and 94; the diastolic pressure remained at zero for about two bour.s, then gradually ro.'e to 
TO. A second injection of 5 minims (0.0 c.c.) of adrenalin was followed by a rise in the blood 
pressure to 100/70, A few hours later the pressure reaebed llS/72 and remained normal 
thereafter. 

On the second day of bospilalization flic condition of the patient had improved hut 
the peripheral cyanosis persisted. The blood leucocyte count had decreased to 26, BOO hut 
the meningeal signs were quite marked. A spinal puncture released cloudy fluid under in- 
creased pre.ssurc, with 507 erythrocytes and 3,042 Icucocj'tes per cubic miliimcter; 70 per cent 
were pol 3 'morplionuelears and 24 per cent Ij-mphocytcs. The total protein was 114.4 mg. per 
cent. The direct smear revealed no organisms and the culture again was sterile. Sulfadiazine 
by mouth was tried but only tho first dose was retained. The fir.st blood sulfadiazine iovei 
taken about twenty bours after admission and three bour.s after the fourth intravenous dose of 
the drug was 18.G mg. per 300 c.c. During tlic .second twenty-four hours, fen grams irerc 
given intravenously witli a rise in the blood level to 21.1 mg. per 100 c.c. free sulfadiazine. On 
the third day the meningeal signs and mjmlgia were unciiangod. In addition, there was now 
pain and slight swelling of tho right elbow as well as numbness and tingling of both feet. 
Most of the petechial spots bad faded but the large purpuric lesions were still visible. Exam- 
ination of tho chest on this day (December 26) revealed signs of con.solidation with bronchial 
broatiiing, bronchophony, and increased voice sounds most marked in the rigid mid-ciicst 
posteriorly. Crepitant rales were present over the posterior portion of the entire right side. 
The temperature was now 100.4® F.; pubse, 124; respirations, 40 per minute. A roentgeno- 
gram of the chest taken on a portable x-ray unit revealed e.xtensivc areas of increa.sod 
density throughout both lung field.s with only tlic loft base relatively clear. These chest 
findings persisted for tho next two d.ays. On the following day (December 29) an x-ray pic- 
ture showed marked clearing throughout the right lung and, to a large extent, also the left 
lung. The lungs were found to be perfectly normal in a roentgenogram taken Jan, 2S, 1914- 
On December 27 several of the largest purpuric skin lesions showed central necrosis. The 
neck was less rigid witli Brudzinshi and Kemig signs now absent. Five days later the pa- 
tient looked and felt quite well. Tlic left foot remained swollen and painful. Weakness of 
the left anterior tibial muscle was noted. However, following treatment with pbj-siotberap), 
apparently normal function of this muscle was soon restored. 


ELECTBOCAnDIOGRAPHIC FINDING.? 

The first clcetrocardiogram wa.s made December 28 (filth day of hospitalizva- 
lion) , This shotved a regular sinus rhythm, rate 120, inverted P-xvaves in Lead I, 
Sj amplitude of 1 mm., low voltage of the QRS complex, and upright T waves 
of low voltage in all leads. There was no elevation of the S-T segments, and tho 
P-R intei'val was .17 seconds. The second electrocardiogram January 14 showed 
very distinct changes. There was regular sinus rhythm, rate 100, and P waves 
in Lead I were now upright and diphasic. The QRS complexes were of greater 
amplitude in all leads. Tj xvas now upright with greater amplitude, S, 2 mm., 
T. diphasic, Tj sharply inverted, and S-T segments not elevated in the first three 
leads. Si was absent, T^ markedly increased in amplitude, and S-T^ elevated 
by 2 mm. The third electrocardiogram taken January 20 showed the following 
differences from the previous one: There xvas slightly more inversion of , 
and greater amplitude of T^. On January 27 the electrocardiogram showed 
change from that taken one week earlier. On July 10, 1944, the eleetroeard 
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graphic studies revealed the following significant changes from those of Jan. 27, 
1944 : Si was now absent, S-T. elevated by lb inm , T, upright and of normal 
amplitude, T. slightly dipiia.sic but largely inverted Tj was now 10 mm. in 
amplitude, 4 mm, less than previously. Except lor the elevation of S-T, July 10, 
the electrocardiographic findings were normal and indicated healing of the previ- 
ously noted lesion. 

COURSE 

The temperature on admission was 104.2° F. but following treatment 
dropped to 99.8° P. within twelve hours. A dail.v temperature of about 100° P, 
continued for five days, followed by a normal temperature thereafter. The pulse 
rate remained above 120 for the first two da.vs with a daily rise above 100 for the 
first fifteen days of hospitalization. The respiratorv rate on admission was 28 
hut rose to 42 on the third day, returning to normal four days later. The initial 
white blood count of 27,800 per cubic millimeter dropped to 26,300 within 
twenty-four hours. The count rose to 42,000 with the appearance of pneumonia 
on the following day. Thereafter it decreased and became normal on the eleventh 
day. Except for 2 plus albumin, the first urine specimen was normal. However, 
during the third and fourth days in the hospital, the urine was grossly bloody 
with a return to noimal on the si.xtb day. Five days after the second spinal 
punoture the fluid was clear, under normal jiressure, and contained only 6 leueo- 
oytes per cubic millimeter. Although artliralgia was present, there was no evi- 
dence of effusion at any time. By Jannai-y 15 the patient wislicd to be out of 
bed but because of evidence of myocarditis in the electrocardiogram, bed rest was 
continued. On January 28 an x-ray of the chest revealed a heart shadow of 
normal size and on this day the soldier, appearing perfectly well, was transferred 
to another hospital for further convalescence. 

Nearly six months following this transfer the soldier was seen again. He 
had spent about three montlis in a hospital convalescing from his illness. Fol- 
lowing this he engaged in various types of light duty. At the time of this 
follow-up examination, however, he had engaged in moderate types of physical 
labor. He felt well except for slight pain in the muscles of the left leg after 
moderate exertion. Neurologic examination revealed some loss of epicritic sensa- 
tion on the dorsum of the left foot and hyperactive deep reflexes. Physical 
examination was otherwise completely noi-mal. Several of the larger purpuric 
spots showed superficial scarring. The cardiac response to exercise was excellent 
~-the pulse rate being 76 at rest, increasing to 96 after exercise, and returning to 
12 within thirty seconds. The blood pressure was 128/76. An x-ray picture of 
the chest revealed normal lung fields and a normal cardiac silhouette. The blood 
Count, urinalysis, and sedimentation rate were normal, the last being 2 mm. in 
sixty minutes. 

TREATMENT 

During the first twenty-four hours a total of 20 Gm. of sodium sulfadiazine 
and 5,000 c.c. of glucose-saline solution were injected iiitravenou.sly. It seemed 
evident that tlie danger from the fidminating infection was far greater than 
any toxic effect that was likely to result from large dosage of the drug. Since 
the drug could not be retained by mouth, 10 Gm. were given intravenously 
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Fig. 5. — Series Y taken Julj- 10. 1941. 
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durin" the second twenty-four Jiours in an attempt to maintain tlie high blood 
level, but this resulted in a further rise. On the tliird day with oral medication 
tlio level decreased to 14.2 mg. from 21.1 mg. on the previous day. It was main- 
tained at about G mg. for the next five days, following wliieh the dosage was 
reduced again and sulfadiazine therapy discontinued on tlic twelfth day of 
hospitalization. There were no apparent ill effects from the drug c.xcept for a 
transient heinatnria. .Since this clcai*ed in spite of continued sulfadiazine 
thorajn*, wliieh was not varied to the slightest degree hecau.se of bloody urine, the 
liematuria may have resulted from hemorrhagic lesions in the kidney due to the 
mcningococcemla itself rallier than from a to.xie effect of .su)fadia;iine. 

COMSinXT 

One cannot he sure of the eau.se of llio circulatory collapse which occiin*ed 
in this patient. Hceently Hill and Hever* have reported three patients who 
recovered from this shocklike state following treatment with adrenal cortex ex- 
tract and intravenous glneoso-salino solution. However, tbc.se autlior.s made no 
mention of myocarditis or elect roeardiograpliic studies. Wc were unable to give 
admial corte.x cxtiTict because if was not available — yet the patient recovered. 
Jlyocaidial damage alone could explain the sequence of events, but if the circu- 
latory collap.se is explained entirely on this basis, the response to adrenalin and 
large amounts of intravenous fluid is unusual. The 'Waterhousc-Fridoriclisen 
syndrome with hemorrhage into the adrenal glands probably cannot be diagnosed 
with certainty exeoiit by post-mortem examination. However, the course of the 
illnc.s.s during tlie first sixteen horn's closely resembled the clinical courae of the 
other cases in whieli thi.s diagnosis %vns later proved at autop.sy. The only im- 
portant variation was flie rccoveo* of the patient, l^ulmonarj^ involvement is 
occa.sionally encountered as a complication of meningococcie infection. The 
physical findings in our patient were tlio.se of multiple small areas of consolida- 
tion. ‘Whether or not the con.solidation was the result of meningococcie broncho- 
imeumonia, widc.spread embolization or purpura is a question which must go 
unanswered. 

Information is meager regarding the exact nature of the myocardial involve- 
ment a.ssociatcd with nicningococeemia. Tlic post-mortem records in the litera- 
ture indicate that myocarditis alone is rare. jNIore commonly there is an asso- 
ciated endocarditis, and occasionally multiple myocardial abscesses have been 
found. Our patient presented no clinical evidence of endocarditis. The possi- 
bilitj- of m^'ocardial ahsccs.ses cannot be excluded. However, with extensive 
purpura in the .skin it is more probable that this hemorrhagic process also in- 
volved the lungs and myocardium. Tlie seric-s of electrocardiograms and clinical 
examination show that the patient had and has recovered from severe myocardial 
damage. 

SUMMARY 

1. A case of recovery from a fulminating meningococcie infection witli 
meningeal, myocardial, and pulmonaiy involvement has been described. 

2. Treatment was sjTnptomatic in addition to large dose.s of sulfadiazine 
and large amounts of intravenous fluid to combat the toxemia and shock. 
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3. Adrenal cortex extract was not administered. 

4. Follow-up studies after six months revealed electrocardiographic and 
clinical recovery. 
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DIASONE : JTS TOXICITV AND THERAPEUTIC EUP^ECTIVENESS 


Geohoe "NV. Eaiziss, Pii.D., M. Severao, JI.I)., and J. C. i\Ioj:Tsc[i 
PiriLAlHXPHIA, Pa. 

D TASONE, disodium fornialdchydo siilfoxylatc dinmino-diphenyl-sulfone, was 
syntlicsizcd I)y one of us {G. W. K.) early in 1937,* It was prior to this tiiat 
our attention was attracted hy tlio reportedly liijili therapeutic effectiveness of 
4,4'-dinniino-diplienj*l*sulfone* in streplococeie infection of mice.® But the high 
toxicity of this drug had been an obstacle in its 1111 * 11101 ' clicmothcrapcutic develop- 
ment. For some .veal’s past, wc liad observed the dccLsivc reduction in toxicity ob- 
tained hy combining arsphenamine or other aisenicals with sodium formalde- 
hyde sulfo.xylato. Tlierc was at the same tune only a partial reduction in the 
therapeutic potency, so that the ratio between the maximum tolerated and 
minimum therapeutic doso.s sliifted in favor of tlic new combinations.® The 
resulting product, diiisonc, proved to be considerably less toxic than the parent 
substance dinmino-diphenyl-sulfone. The effect in streptococcic infection in 
mice remained appreciable. 

It is interesting to note that sulfonamide.s, and particularly diamino- 
(liphenyl-sulfonc, linvc likewise an effect in experimental tuberculosis. Rich 
and PollLs^ were the first to find that sulfanilamide has an inliibitory influence on 
infection in experimental tuberculosis in guinea pigs. It was seen by later in- 
vestigators that diamino-diphcnyl-sulfone hn.s an even better effect in experi- 
mental tuberculosis. In 1940, Feldman, Hinshaw, and Jloses® showed also that 
a derivative, sodium I^F'-diaminodiphen.vI.sulfone-N.N’-didextroso sulfonate, 
designated as proinin, iiad similarly an inhibilivc effect on experimental tubercu- 
lous infection. In Januaiy, 1943, Caliomoii* published a paper in wliich diasonc, 
when compared to promin and other chemical compounds, was shown to produce 
the most beneficial rcsult.s in experimental tuberculosis in guinea pigs. Subse- 
(lUeutly Feldman, Ilinshaw, and Moses' found that diasone is less toxic for 
guinea pigs than diamino-diphenyl-suU'onc and that it is of therapeutic value 
in experimental tuberculosis, though somewhat less effective than diamino- 
diphcnyl-sulfonc. Early in 1943 Fcttci-® initiated an extensive clinical trial with 
diasone which indicated tliat the drug has a tlierapeutie effect also in the treat- 
ment of human tuberculosis. As a result of his treatment of forty-four patients, 
be observed that all minimal .and moderately advanced cases .showed improve- 
ment and that there was likewise improvement in a considerable number of far- 
advanced cases. 

Prom tlie foregoing it may be noted that diasone lias its place in the treat- 
ment of experimental and possibly clinical tuberculosis The purpose of this 
paper is to establish its pliarmaeologic properties, particularly its toxicity in 
lower animals, tliat is, mice, rabbits, and dogs. Its therapeutic effectiveness in 

, , From the Dermatological Research Laboratories. Philadelplua. Pa.. Division of Abbott 
Laboratories. Noith Chicago. 111. 

Received for iiubllcatlon. Oct. 24, 1944. . , . 

•Wc shall refer to this compound throughout the paper as dlammo-diphenyl-sulfone. 
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experimental tuberculosis has already been studied by Callomon“ and also by 
Feldman, Hinsliaw, and Moses/ We thought a further extension in the ap- 
praisal of its chemotherapeutic properties might be found in the study of the 
curative effect compared with that of sulfanilamide and sulfadiazine in strepto- 
coccic and also pneumoeoccie infections in mice. • 

111 beta-hemolytic streptococcus infection, Buttle and co-workers- foinid 
that the single maximum tolerated oral dose of diamino-diphenyl-sulfone for 
mice is 5 mg. On the other hand, they reported that the rabbit can be given as 
much as 2 Gm. per kilogram. The effective therapeutic dose of diamino-diphenyl- 
sulfone was found by the same authors^ to be 0.4 mg. In 1938 Bauer and 
RosenthaF determined that the maximum tolerated oral dose of diamino-di- 
phenyl-sulfone for mice is 0.25 Gm. per kilogram, with the therapeutic actmty in 
streptococcic infection of mice thirty times greater than that of sulfanilamide. 
Peinstone, Bliss, Ott, and Long'® found diamino-diphenyl-.sulfone to be highly 
toxic for mice and more active than sulfanilamide in streptococcus infection in 
mice. We have likewise shown that diamino-diphenyl-sulfone was therapeuti- 
calB"" active in mice infected with beta-hemolytic streptococcus, but only ten times 
more so than sulfanilamide.” 


Diasone is stable and water soluble if protected from oxidation in vacuum 
glass ampules.” Exposed to the air, an aqueous solution after a few minutes 
turns cloud 3 ^ Later a precipitate is formed because of the combined effect of 
carbon dioxide of the air and the oxidation of diasone, resulting in an increase 
of the acidity of the solution. By the addition, however, of sodium bicarbonate 
or sodium hjMroxide, the precipitated diasone can be redissolved. If diasone 
powder is exposed to air for several daj's, part of it turns insoluble. Mixing 
diasone and solid sodium bicarbonate (9:1) maintains diasone unchanged and 
water soluble for a long period of time, provided it is kept in tightlj' closed 
bottles. 

Gasti’ic juice nonuallj' containing from 0.4 to 0.5 per cent hj'drochloric acid 
maj' act upon diasone, but it was proved b^^ tests that in two hours 0.4 per cent 
hydrochloric acid at 37° C. causes neither the splitting off of formaldehyde 
sulfoxydate nor the liberation of diamino-diphenyd-sulfone. 

Formed by^ the reaction between diamino-diphenyl-sulfone and sodium 
formaldehyxle sulfoxylate, diasone cannot be reciystallized and therefore contains 
some amount of admixture in addition to the major product. The major product 
represents from 92 to 93 per cent of the substance and corresponds to the fol- 
lowing formula : 


SO., 


^ NH— CIL-SO.,Na 
^NH— CH,— SO.,Na 


.4ILO 


The balance comprises uneombined sodium formaldehyde sulfoxydate and 
sodium sulfate.” Diasone is sufficiently pure and uniform to be satisfactory m 
treating infected animals and human beings as well. This drug can be quantita- 
tively estimated by diazotization and subsequent formation of a dye, according to 
a modification of a method of Bratton and Marshall.” 



DIASON’i:: ITS TOXICITY AND TIIKKAPKUTIC KI'’1'1:CTIV1 :NkSS 


319 


lUOLOOlC I>ATA ON DIASONC 

Dissolved in distilled wnler, dinsoiie avjis onilly adininislored to fifty-two 
mice. Ah may be seen JVoiu Talilc I, 100 per vent of tlie animals whieli received 
2 and even 3 (iin. of the dnijr per kiloffram bodj* wei^ld survived. AVheii 4 Gm. 
per J{iJo;'ram m'vo admini.sterod to earh of fiftixsix animaLs, S2 per cent survived. 
Of a firoup of thirty-six mice piven 5 Gm. per kiloj^rani 53 ])er cent survived. 
Several iniee received 0 Gm. ])er kilojrrain, a dose whicli proved lethal. The 
conclusion may be drawn that for mice llie toxicity of diasone is very low. 

TAni.i: I 


Toi-JciTV ur UiAKON’K i.N’ Aourous I'Olctiox AioiiNj.siruK!) OF:\i.f.\ to 


fO.SKI'Ef: KfLOORAM 
(CM.) 

XVMIlKR OF 

.\NisrAi-s 

Nr.Mnri: 

SUaVfV'ALS 

rn: i-k.vt 

2.0 

IS 

IS 

ina 

:i.o 

.14 

ai 

100 

4.0 

na 

-Ifi 

S2 

.'i.n 

ar, 

10 

aa 

0.0 

r> 

0 

0 


•Unch Knlni.tl rcccJxcU n ilosc. 


Tilo chronic toxicity of diasone was iiiveslijrated on fifty miee to whieli the 
drup: in food was administered for twenly*onc eonsceiitivc days. Of tlicsc 
animals, 90 per cent .survived a diet conlaininjr per cent of diasone (Tabic 
H). A diet eontaininj? per cent of sulfadiazine was tolerated by only GO per 
coni, while a 1 per cent diet was lethal to all of ten animals. 

T.NDLC II 

C’uao.v/0 T<t,vfo/rv or J>tAsosi: Fk/» t»» Mirt: tot; Twj.via -Ova I>.\vs 

t0N'<T.STn.\T10X NVJIUKU OF .SCnviVINC SCRVIVIXO SLT.VIVl.VQ 

OPPiSVfil.VFOOn A,NTMAt,S 7li\YS 14 DAYS 21 D.VYS 

(m.rrxT) xcMurr. pritCKXT w.Mner. rsa cent xirMOKR rencEXT 


I'l 

10 

10 

100 

9 

90 

9 

90 

Vj 

20 

18 

90 

17 

85 

17 

85 

■71 

10 

10 

100 

10 

100 

9 

90 

J.O 

10 

s 

80 

7 

70 

(i 

GO 


Studies on Iwcnly-fivc rats indicated that more than 7 Gm. of diasone per 
kilogi'am could 1)C tolci-atcd, a i’m-llicr manifcstalion ol' the drug’s low toxicity 
(Tal)lo III). 


Taulc III 

Toxicity or Diasonk in Aql’Kous {Solution AnsiiM-sruLFo Okam.v to I*ats 


DOSK I'FR KILOGRAM 

to.) 

NUMREROF 

AA-IJfALS 

KUMREB 

SURVIVALS 

l‘ER UIL\T 

3.0 

4.0 

5.0 

G.O 

7.0 

G 

5 

5 

G 

5 

5 

5 

5 

5 

100 

100 

100 

100 

100 


.Rabbits do not generallv lolciTitc chemical compounds as well as do mice or 
I'ats. Experiments wei'e poi'formcd on twciit3’-inne rabbits with the result that 
100 pei* cent survived 2.5 Gm. per kilogram, while S3 per cent tolerated 3 Gm. 
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(Table IV). Eighty pei' cent of the animals withstood 3.5 Gm., but only 40 per 
cent could tolerate 4 Gm. of the drug orally. It appears that the maximum 
tolerated dose is therefore between 3 and 3.5 Gm. per kilogram. 

Table IV 


Toxicity op Diasone Admikistered Orally to Rabbits 


DOSE PER KILOGRAM 
(GM.) 

NUMBER OF 
ANIMALS 

NUMBER 

SURVIVALS 

PER CENT 

1.0* 

3 

3 

100 

1.5 

2 

2 

100 

2.0 

3 

3 

100 

2.5 

5 

0 

100 

3.0 

0 

5 

83 

3.5 

5 

4 

80 

4.0 

5 

2 

40 


•Each dose was dissolved in 100 c.c. of water. 


We were interested to note that rabbits also tolerated well an intravenous 
administration of diasone. Each of eighteen rabbits receiving 1 Gm. per kilo- 
gram intravenously survived without loss of weight for an average period of 
thirty dajm (Table V). An increase of the dose to 1.5 Gm. gave a 40 per cent 
survival and 2 Gm. a 33 per cent toleration. By contrast, sodium sulfadiazine 
could be given in only a t/o Gm. dose per kilogram. Larger doses were not 
tolerated. 


Table V 

Toxicity of Diasone Administered Intravenously to Rabbits 


DOSE PER ZvILOORASf 
(GM.) 

NUaCBER OF 
ANIMALS 

NUMBER 

SURVIVALS 

PER CENT 

1.0 

8 

8 


1.5 

5 

2 


2.0 

3 

1 

33 


Druff given in a 10 per cent solution, containing 10 per cent sodium bi<»rbonate. The 
last-named substance was added for the purpose of holding the drug In solution. Otherwise 
in the presence of air the solution becomes oxidized and cloudy. 


In conclusion, it may be stated that the chronic and acute toxicity of 
diasone tested orally and intravenously on mice, rats, and rabbits is far less 
than that of most well-known sulfonamides, including sulfadiazine.** 

Prom Table VI it is readily seen that dogs tolerate diasone in large daily 
oral doses for long periods of time. By way of comparison, it should be noted 
that the dose found practical at present and generally used by clinicians investi- 
gating the treatment of tuberculosis in human beings is about 0.015 Gm. per 
kilogram (approximately 1 Gm, of diasone per day). For sixty consecutive 


•F. T. Callomon was kind enough to make histopathologic studies which may shed som 
light on deaths occurring among mice when fed diasone. The following is quoted: At a 
per cent drug diet there were no changes from the normal except tor some focal 
teration in a few convoluted tubules with some hyaline casts in the tubules. At v- per ct 
drug diet obvious epithelial damaee was found in some dilated tubules, such as stveliing- m 
vacuolization of the cells which showed indistinct outlines, pale nuclei, and were partly au 
clear. Hyaline casts and some leucocytic infiltration were observed. At % per 
these changes became more obvious than at % per cent drug diet, tor a greater part ot me v 
voluted tubules, some of Henle’s tubules, and also some collecting tubules were aJnictea. wtu 
and hyaline casts were found in many tubular spaces, while the capsular jpyces were uu 
viously dilated, containing sometimes some hyaline precipitate. I" ‘h^^rtica district ^ 
cytic infiltration was observed around or between some damaged. Pai-Hv coliapsea luo 
spleens and livers of the mice were normal at % per cent and % per cent drug met. 
doudy swelling was observed in the livers, and a moderate reduction of the lymphoc} le 
the niantle zone with hyperplasia of germinal centers m the spleens of the mice • • • ■ " <jins 
in the mouse nor dog kidneys were gross concrements (uroliths) found and no correspo 
destruction of the renal tissue.” 
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Taiilk VI 

Chronic Toxicity ov Diaso.nk AnMixiKTKRrii Ouam.v to Door 


1>00 

HAlt.Y nOSK 
(ml. I'ER KILOOUAM) 

TOTAL lUIIA* 

DO.RR 

NOMREROr 

ADMINIKTRATIONS 

I 

0,050 

0.850 

00 

2 

0.050 

0.725 

00 

•T* 

0.055 

0.500 

180 

4 

0.055 

0.500 

100 

5 

0.500 

5.5 

110 

at 

0,500 

5,5 

100 


No diarrhea or vomiting was oh.«er\Td In any of the animals, 
•Gave birth to four injpnlea and ralsitl them to mature state. 
tGave birth to elpht l»utiplcs and rnl*<e«l them In mature state. 


days, Dogs 1 and 2 ropcived a daily doso of 0.0.“) Dm. per Idlogrnin, wliicJi is 
three times larger than tlic daily jiuinan dose. Tiicso animals wore sacrificed, 
and at autopsy the kidneys were seen to ho only sliglitly afTected. Dogs 3 and 4 
received for 170 day.s a dose of 0.03.“) (Jin. i)er kilogram jier day, more than twice 
the therapeutic hnninn dose. Tlio animals did not lose weight and showed no 
signs of toxic effects, Tlicy were ohvioii.sly in vigorous health and maintained 
a normal appetite. Dog 0 was given daily a large dose of 0.3 Gm. ])er kilogram, 
equivalent to twenty therapeutic human doses. TJic dog’s original weight at the 
inception of the experiment was 22 pounds, hut after ninoty.fivc daily adminis* 
trations of dia.sonc it increased to 26 pounds. Concentrations of tlie drug in 
hlood were estimated jicriodienlly four hours after the ndministralion of the 
drug and wore found to average 2 mg. of diasone per 100 e.c. of lilood. Con* 
sitlcrablc quantities of diasone were found in the mine and lesser amounts in the 
feces. Dog 6 also received a daily do.se of 0.3 Gm. per kilogram for eighty-three 
days. No diarrhea, vomiting, or other untoward syni)Uoms wore ohsovved. The 
urine wa.s negative for albumin ami sugar, (he wciglit was well maintained, and 
the health of the animal appeared good. It is interesting to notice that the pro- 
longed administration of diasone did not unfavorably influence the cour.se of 
pregnancy in Dogs 3 and 6. The first of tlicsc had a healthy litter of four, the 
second a litter of eight. TIic young were suckled hy their motlicrs and grew into 
vigorous animals. 

ULOOI) I.KVKLS AND UKINAUY EXCRETION OF DIASONE 

Blood levels were determined in mice that received food containing y 2 per 
cent diasone for anj’where from four houi*s to six con.seeutivc days. Since each 
of the animals had to he sacrificed in order to supply the necessary quantity of 
blood, different mice were used at various time intervals. The total blood levels 
ranged only from 2.0 to 3.8 mg. per 100 c.c. of blood (Table VII). 

l\Iice tliat received orally only one do.se of 0.01 Gm. of diasone (approxi- 
mately 0.5 Gm. per kilogram) maintained fairly uniform blood levels during 
twenty-four lioiirs. after they reached the highest point in the first six hours 

(Table VIII). 

A rabbit whose oral intake of diasone was one dose of 1 Gm. per kilogram, 
a total of 2.75 Gm., also showed a low but consistently uniform blood level 
during twenty-four lioiu's. A low blood level, however, does not indicate an in- 
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Table VII 

DETERSimATION OF BlOOD LEVELS IN MiCE BED A DjET CONTAINING % PER CENT BlASONE 


BLOOD E-VAMINED* 

MG. 

FREE 

PER 100 C.O. BLOOP 
CONJUGATEUt TOTAL 

4 hr. after starting drug 

1.31 

Not tested 


4 hr. after starting drug 

O.G 

Not tested 


24 hr. after starting drug 

1.32 

0.68 

2.0 

24 lir. after starting drug 

1.4G 

0.84 

■2.3 

4S lir. after .starting dnig 

3.1 

0.7 

3.8 

4S hr. after starting drug 

2.0 

1.1 

3,1 

G days after starting drug 

LG3 

1.27 

2.9 

G days after starting drug 

1.03 

1.27 

2.9 - 


‘Each experiment was jjerformed on a different animal, sacrificed for the necessarj- 
amount of blood. 


fConjugated refer-s to results obtained upon boiling the blood filtrate with 20 per cent 
para-toluene sulfonic acid. 


Table A^HI 


Bixiod Levels 

Diasone in Aqueous Solution Administered Orally to Mice 
One Dose op 0.01 Gm. per Kilogram 


BLOOD EXAMINED* 

SIG. PEP, 100 c.c. BLOOD 
(TOTAL) 

2 hr. later 

2.1Sf 

2 hr. later 

3.4.31 

G lir. later 

2.76 

G lir. later 

2.19 

IS hr. later 

1.00 

IS hr. later 

2.18 

24 hr. later 

2.00 

24 hr. later 

1.04 


‘Each experiment was performed on a different animal, sacrificed for the necc.Hsarj 
amount of blood. 

tConjugated not included. 


complete absorption, since the iirinaiy excretion of diasone I’cached 603 mg- 
in the twenty-four hour specimen and 324 m^. in the second-day specimen 
(Table IX). During tiie folloiving nineteen days, the drug continued to he 
eliminated in tlie urine. After nineteen days, the total reached 1.194 6m. Since 
we cannot account for a total of 2.75 Gm. of diasone ingested, it must he as- 
sumed that the drug ivas partially destroyed in the body or was changed into a 
chemical compound ivliich could not he determined by tlie colorimetric method 
used. Comparatively small amounts were found in the feces. 

Because of the large dosage, tlie highe.st blood levels were obtained in rab- 
bits which received orallj’- 0.5 Gm. per kilogram daily for a period of tivcnt.i 
days (Table X) . The blood specimens were taken at tivo, four, and twenty or 
twenty-four houi-s after drug admini.siration. The total blood levels (with one 
exception) ranged from 6.4 to 16 mg. per 100 c.c. sliortly after drug intake, 
while at the end of the day the blood levels varied from 3.5 to 5.2 mg. In order 
to obtain higher blood levels, several rabbits received orally single doses of froni 
3.5 to 4 Gm. of diasone. As a result, the total blood levels ranged from 4.S to 

11.7 mg. per 100 c.c.® '. 

Intravenous injection into a rabbit of a single dose of 0.2 Gm. per kilo- 
gram produced a moderately high blood level. After the first tiventy-foiir hours 


^ rnnliiE-atPcl fraction of blood levels, follow-ing intr.avenous injections of diasone into 

rabbiti aPPe^ri to bf with a tendenej- to be higher in the first four hours. 
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Table IX 

I3r/)0D I-.K\Tt.R AKll KlIMIXATIOX IN UUtNF, 


DIASONK ADXIINISTEnED OfLVU.Y TO A RMiniT— OXK SlNCI.F l)OSE OF 1 Gjr. Vl'r. KlLOORAM* 





lU/IOD 



urine 


TIME AFTER 


(MG. IN 100 o.r.) 


(MG. IN 

24-noi'R 

smTMLN) 

ADMINISTRATION 

FREE. 

(’ONJUOATEDt 

TOTAI, 

IREE 1 

CONJUG.ATEDt TOTAL 

2 hr. 


1.15 

O.G5 

1.80 




•1 lir. 


1.38 

0.04 

2.02 




24 lir. 


1.52 

1.15 

2.07 

439.57 

1G3.R.3 

C0.3 40 

4S hr. 





250.28 

07.00 

324.48 

r. davp 





02.50 

21.02 

S4.1S 

4 days 





29.5S 

18.91 

4S.49 

5 days 





25.20 

O.SO 

3 2. on 

0 (lays 





IMS 

11.52 

22.70 

7 days 





7,0 

2.15 

9.75 

8 (]a^s 





2.00 

2.S4 

4.90 

9 vlajs 





2.97 

3.08 

4.05 

10 days) 

11 (lay?f 




9.75 

4 10 

1.3.91 

12 (lays' 

13 (lays 








14 (lays 





27.47 

1S.S7 

40, .34 

15 (lays 
10 (lays 








17 daysl 








38 (lays 
19 (laysl 





Trace 







'I'otal 

874.82 

319,38 

1194.20 


•A total of 2.75 Gin. of iliasonr. 

fConJueated rcfcM to ro.^uU® oLfufni'd upon Bolllntr flic liloorl /ncrnte with 20 per cent 
para*toluene sulfonic nciil. 


Tabij: X 

Detekmination* of Bi/jod Levels in Baiujits 


Diasove Given Orally 0.5 G.m. ter Kilogram Daily for a Period of Twenty Days 


WEIGHT 

(CM.') 

DATE 



HLOOP LEVELS 
(MO. PER 100 (\r.) 



FUEL 

('ONJUOATED* 

TOTAL 

I’lrst rablut 






1,900 

0/30/43 

2 Iir. 

4.0 

10.40 

14.40 



0 hr. 

5.25 

3.40 

8.05 



20 lir. 

1.00 

2.40 

4 0 



After 35th dose 




1.5S0 

7/ 8/43 

2 hr. 

1,52 

5.28 

(> 81) 



4 hr. 

3.30 

11.C4 

15.00 



24 hr. 

3.40 

l.OS 

4.48 



After 20th dose 




Hecond rabbit 






1,940 

0/30/43 

2 Iir. 

1.55 

13.45 

14.00 



4 hr. 

1.9f) 

14,10 

16.00 



20 hr. 

1.00 

1.90 

3.5 



After 15th dose 




1,840 

7/ 8/4.3 

2 hr. 

1.0 

1.40 

3.0 



4 hr. 

1.28 

5.14 

G.42 



24 hr. 

1.02 

4.18 

5.20 



After 20th dose 




DaM roteia to results 

Para-toliiene sulfonic add. 

obtained upon boiling 

the blood filtrate with 20 

per cent 
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the urine of the same rabbit contained substantial quantities of diasone. During 
the six days following, only small quantities were excreted, with a final total of 
272.4 mg. A very small amount was found in the feces. Tiie amount excreted 
again did not equal tlie intake. 

On the other hand, high blood levels, with no conjugated fraction present, 
were obtained when a larger dose of diasone amounting to 1 Gm. per kilogram 
was administered intravenously to a rabbit. These blood levels ran from 18.4 
to 23.6 mg. per 100 c.e. The urinary excretion continued for eight days; it to- 
taled 527.9 mg. of diasone, or 26 per cent of the amount administered. 

When diasone was given orally to dogs in daily quantities of 0.035 Gm. per 
kilogram, the blood levels were found to be fairly low (from 0.7 to 1.2 mg.), and 
no conjugated fraction was present. When a larger daily dose of 0.3 Gm. per 
kilogram was administered, the blood levels reached 3.2 mg. and in one instance 
7.8 mg. 

The urinary excretion of diasone in dogs which received 0.035 Gm. per kilo- 
gram was found to be between 23.9 and 81.4 mg. in a t\vcnty-four hour specimen 
(Table XI). On the other hand, the two other dogs whose intake of the product 
was considerably higher showed in their twenty-foi;r hour urinary excretion from 
107.3 to 544 mg. of the drug. It must be noted again that, as in the case of tlie 
rabbits, the quantities of the drug ingested were not commensurate with its 
elimination. 

Table XI 

UruNARY Excretion op Diasone by Dogs 


DOSE 

TIME AFTER 
ADMINISTRATION 
(HR.) 

NUMBER OF DAYS - 
AFTER START OF 
EXPERIMENT 

URINE 

■MG. IN 24-HR. 
SPECIMEN 
(■PREE) 

FECES 

MG. IN 24-IIOUR 
SPECIMEN 
(PEEK) 

0.035 

24 

103 

81.42 

55.82 

0.035 

24 

106 

39.13 

30.60 


24 

160 

23.98 

32.18 

0.3 

24 

63 

107.30 

201.96 


24 

112 

544.00 

75.95 

0.3 

24 

04 

117.9 

14.3.0 


Urine contained no albumin or sugar. 


THERAPEUTIC EFFECTS OP DIASONE 

In all of the therapeutic experiments, drugs were administered to mice m 
food according to the method described by Litchfield, White, and Marshall.” 
Mice were infected with the beta-hemolytic streptococcus strain C203, using 
1,000 minimum lethal doses. By a lethal dose is meant one containing sufficient 
bacteria of a certain virulence which would eventually kill mice in the course ot 
several days. It was neeessaiy, therefore, to infect mice with 1,000 minimum 
lethal doses in order to kill the animals in the first twenty-four to fort 3 "-eight 
hours. From Table XII one can see, for example, that the ten control mice died 
on the first daJ^ Those fed the ^ per cent diasone diet showed a therapeutic 
effect superior to that exerted bj' a diet containing % per cent sulfanilamide. 
But vdth a diet of V 2 per cent sulfanilamide, the level at which the optimum 
effect of the sulfonamide is produced, animals show a better survival rate than 

with diasone. 
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Tahlh xn 

COMrAHATlNT TlimAVKUTlO EVKKCTS OP DlASOKE AKD SuU'ANUu^MlOr. OK MlCE 

Ikpected With Beta STnEiTororcos Hemoi-ytiptr SinAiN C203 


I’tV, CENT OF 

br.L’a iT.uo 

IS’ FOOP 

NUMllFR 
OF MU’F. 

usf.1i 




FER CENT OF SURVIVALS 

— 

— 


3 

n 

o 

4 

D\YS 

5 0 

7 

14 

21 

28 

Diasonc 

2U 

95 

85 

75 

75 

75 75 

75 

05 

05 

05 

% 

15 

87 

87 

SO 

75 

07 00 

00 

47 

47 

47 

Vi Sulfanilamide 

10 

90 

40 

40 

40 

40 40 

40 

40 

?.o 

30 

'A 

30 

100 

100 

70 

70 

70 70 

70 

70 

70 

70 

Control*' 

10 

10 

0 









From Table VII one can jiee that In mlco rocflvlng Vi por cent tHa^one the averagt* 
blood level Is Indicated ns 2.83 me. per 100 c.c. of blood. 

There Is no Information available In literature concornlnc blood levels In animals recelv- 
Ifijr or Vi per cent sulfanilamide druc diet, it was found that blood concentiatlon In mice 
cl\oa a I per cent fulfanllamlde drwK diet Is il.G mK- per 100 c.c. (Felnstonc and others. 
HuU. Johns Hopkins Hosp. 01: 131. lOtO.) 


Iti our ox])oriincnt.s on type IT piictiinococcus infection, we used .stiiiin ^148. 
IKS doscrihed in a previous putiUeation.'^ Mice were, infoctoci iiitrapcriloneaUy 
with ten mininuim lethal dosc.s containing ahout 250 bacIcHa. From Table XIII 
it may ho noted that a diet containing per cent dinsone had a considerably 
greater therapenlic effect than did a diet oC Vj per cent sulfadiazine. 'With a Vy 
per cent drug diet of sulfadiazine, however, the survivals wore somewhat higher 
than in the case of diasonc. 

TAnbE XIII 

CoMrAnATivK TnruAPF.imo Kfeects or Biaeose asp Sui.rADiAzisK on Mice 
iNFiKTEo Wmi Pneumococcus Tver IT Sthais M-iS 


CEB CENT 
pr.uo 

IN Foon 

br.uo 

NUMIIER 

OF 

MICE trSlT) 

— - 

~ 

— 

FtT. 

CENT 

OF sunnvALs 

— 

— — 


1 

2 

.3 

4 

PAYS 

5 0 

7 

14 

21 

28 

•A 

Diasone 

2(1 

100 

95 

95 

90 

90 

75 

55 

40 

40 

46 

'A 


30 

100 

93 

95 

93 

87 

83 

80 

30 

48 

48 

'A 


40 

95 

75 

50 

33 

23 

25 

15 

.5 

5 

3 

Vi 


40 

100 

100 

100 

lOO 

93 

93 

88 

58 

55 

55 


Controls 

15 

27 

0 













Sec footnote to T.iblc XII for dla^ono blood level- 
. ,, Tiie average blood level nt sulladlazlne a.IrolnUtcreil to mice receiving % Per cent drug 

In the diet was found to be 30-6 mg. per lOO c.c. (Felnstonc and others: Bull Johns Hop- 
Kins Hosp. CT: 435, 1910.) 


SUMMAKV 

In general conclusion it may he stated that the chronic and acute toxicity 
of diasonc tested orally and intravenously on mice, rats, and rabbits is notice- 
ably less than that of most well-known sulfonamides, including sulfadiazine. 
It is far less toxic than diamino-diphcnyl-sulfone. Diasonc has shown high 
tliorapcntic effectiveness in mice infected with heta-hemolytie streptococcus as 
well as typo II pneumococcus infection. At the jii'osent time, diasone is being 
investigated clinically in the treatment of tuberculosis 
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ment. Blood films were made from the webb on the seventh experimental day 
in the first experiment and in both experiments at the time of death of each 
duck. These were stained with Wright’s modification of Leishman’s Eoman- 
owsky stain. Counts were made on five or more oil immersion fields in dif- 
ferent parts of each film until a minimum of 500 cells had been counted. Cells 
classed as immature were chosen on the basis of three criteria ; nuclear structure, 
nuclear shape, and the extent of cytoplasmic chromation. 

The ducks were sacrificed by clamping the necks. An autopsy was per- 
foi'med immediately thereafter and the tissues were placed in both Bonin’s solu- 
tion and a 10,0 per cent solution of formalin. Those fixed in the former preserva- 
tive were used for histopathologic studies. The sections were stained with 
hematoxylin and eosin. Bone marrow for sectioning was obtained from the 
femur. 

Imprint (dab) films were made at the time of autopsy from the liver, spleen, 
rib, and the femur. These were stained with Wright’s modification of Leish- 
man’s Bomanowsky stain. Thej" were examined under oil immersion, care being 
given in those of the liver and spleen, particularly, to note evidence of erythro- 
poiesis. Counts were made of the phagocytic cells present and an estimate was 
made of the amount of phagoeytosed material thej' contained in each ease. Films 
of bone marrow were studied carefully for evidence of changes in plasticity in 
the erythrocytic series. 

The number of ducks used and the time that each experimental procedure 
w’as carried out is given in the different expeinments. 

EXPERIMENTS 

Experiment 1 . — Six ducks, 3 iveeks of age, iverc used. Four wrnre given 
cobalt and two were kept as the controls. The total number of red blood cells 
and tlie time of the injection of the cobalt are given in Pig. 1. These birds 
were killed on the fourteenth day following the fii-st injection of cobalt. The 
erythrocyte numbers increased by 22 to 38 per cent in the ducks given cobalt 
(Fig. 1). No significant variation occurred in the number of red blood cells in 
the two control birds during this same interval. 

Experiment 2 . — Fifteen ducks, 3 weeks of age, w'ere used. Ten ivere given 
4 mg. of cobalt daily, while five birds were kept as controls. On the third day 
of the experiment, three of the ducks given cobalt and one untreated bird were 
killed; on the seventh experimental day three ducks given cobalt and one con- 
trol were killed; on the nineteenth experdmental day tivo ducks given cobalt 
and one control ■were' killed ; on the twenty-eighth day of the experiment the 
remaining two cobalt-treated ducks and two controls were killed. 

Pig. 2 gives the average number of red cells for the second group of ducks 
at each time they were counted. The red blood cells increased in the ducks 
given cobalt, as shown in Fig. 2, until about the eleventh day; from this time 
until the twenty-eighth day the total number of red cells remained approxi- 
mately constant. The number of cells during this interval was increased by 
38.0 per cent over the number present at the beginning of the experiment. The 
average number of erythrocytes for the control birds remained practically con- 
stant for the first eleven days of the experiment. At this time the number of 
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red cells increased, roncliing their mnximnm luimhcr on the twenty-first day 
of the c.\perimcnt, when there was an increase of 15 ]ier cent in the iiumher of 
red cells of the control animals as compared with tlte number at the beginning 
of the experiment. 

The average weight of tlic hird.s in the control and the experimental groups 
is given in Fig. 2. There was a progressive increase in the weight of all birds. 
The average increase of tho.se in each group wa.s approximatel.v the .same. 


RBC 



riff. I — Tlifl effect of tlnllv injoctlons of cob-oltoiis clitorl 
young (lucks. J?, Expcrlmrnfrtl cobalt-treated ducks 


clitoridc on the red blood cell counts of 


C. Control ducks, untreated. 
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HEMATODOGIG STUDIES 

Blood Films . — In Table I arc given the number of cells counted and the 
percentages of immature cells found, arranged in terms of experimental days. 
With the exception of Duck 13, the general trend is toward an initial rise in 
the percentages of young red cells during the first three days of cobalt injection, 
followed by a continuous decline in these percentages with continued medication. 
The control animals showed some decline but much less than did the experi- 
mental ducks. With the fall in young cell percentages in the experimental 
animals, there was increasing nuclear degeneration and pyknosis, cellular frag- 
mentation, and the appearance of cells with highly immature nuclei and cyto- 
plasm showing primitive basophilia. Tlicse latter changes were not found to 
accompany the slight decrease in young cell per centage in the control birds. 

Films From Liver and Spleen . — Films made from the liver and spleen gave 
data which were supplementary with one exception. They showed the extent of 
phagocytic activity, and in one ease there were signs of extramedullary eiythro- 
poiesis in the liver. 

These preparations in both groups showed more normal, mature red cells 
in the experimental than in the control animals. While this is a subjective 
estimate, it may indicate that these organs in the experimental animals were 
more congested with blood. 

Table I 

Percentages of Young Erythrocytes in Smears of Peripheral Blood 


EXPERI- 

JIENTAL 

DAYS 


GIVEN 

COBALT 

CHLORIDE 


TOTAL 
NUMBER OF 
CELLS 
COUNTED 


PERCENT- 
AGE OF 
IMMATURE 
CELLS 


Sonic primitive nuelei 
Some primitive nuclei 
A few atypical cells 


Pyknosis, degeneration 


Much degeneration 
Some degeneration 
Much cellular debris 

Many primitive nuclei^ 

A few polychromatophils 

Extreme fragmentation; many 
very primitive cells, some 
.showing pyknosis 
Pyknosis 

Degeneration 

Nuclear degeneration; no poly- 
chromatophils 
Much fragmentation 

Very few polychromatophils 

Very much cellular debris 
Many atypical cells 
Young cells primitive 
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Pluigocytic cells in botli Iicpntic and splenic sinenvs from birds Icilled on 
the third and seventh days were sliglitly more numerous in the experimental 
animals tlmn in tJjc controls. A sli'iking ob.<fe 2 'vation, liowevor, was tlie much 
smaller nniount of phngocytosed material in the cells of the experimental birds 
whicli were Ivillcd on the fourteenth, ninctccntli, or twenty-eighth days. The 
(liftcrciice was too great to be accounted for by the slight increase in niiiuhcr of 
cells and is particularly strihi?ig ijr the light of the much gi’catcr amount of 
debris found in peni)horal blood of those experimental birds. 

In Duck 13, killed on tiio fouiieonth day of tlic first cxiicriraont, there 
were found, in the imprint smear of the liver, numerous erythrolilasts wliich 
U'cro primitive enough to show no polyehroinatopliilia. Since these cells were 
not found in the ])criphcral circulation, it is assumed that their presence in the 
liver indicates some hepatic crythropoicsis in this liird. It will be recalled that 
this bird is the one that, at lime of autojisy, showed an cxtrcmclj' elevated iier- 
ccnfnge of immature cells (Tabic I). 

Marrow Preparaiions . — In all birds, films were made from both rib and 
leg innrrow. Findings in cvciy case diflered .slightly in tlic rib and leg marrow 
from the same bird. In the controls, there was evidence of slightly more active 
ci^Hiropoicsis in the rib marrow. In the experimental animals the rib marrow 
showed changes more pronouncedly than did the leg marrow', but, after the 
fourteenth day, tlieso ehangc.s were progressively hypoplastic. 

In the first group of bird.s which was killed on tlic fourteenth day, the rib 
and leg maiTow’ of the experimental animals showed some stimulation of red 
cell production with only one essential dift'crcncc; that of tlic log show'cd a mild, 
lypieal hj’perplasia; that of the rib showed an increase in more mature colls of 
tlie erythropoietic scries but was impoverished in the basophilic and early poly- 
chromatophilic erj'throblasts. This difference was noted also in the leg marrow 
of Duck 13, W’licrc the h^Ticriilasia of the late eiyihropoiotic elements was very 
S^’cnt, but the early stages w’orc entirely absent. 

In flic second cxpez’inient the changes described oeciuTcd i^rogressively in 
ihe experimental animals killed on the nineteenth and twenty-eighth days. In 
each bird the changes noted were more advanced in the rib ns compared to the 
Jpg marrow. Tlie rib marrow of Ducks 109 and 110, killed on the twenty-eighth 
showed a generalized liypopla-sia of the orythi'opoictic scries wliich seemed 
particularly advanced in Duck 109. The leg marroiv reflected tlie same cliangc 
riearlj', but in both birds there was an indication of plasticity confined largely 
lo the acidophilic crythroblasts. 

PATIIOLOOIC STUniliS 

Each of the ducks appeared normal at the time it was sacrificed. The skin 
over the back was desquamated at the site of the injections and the underlying 
^iihciitaneons tissue frequently w'as indurated. The patliologic lesions here were 
Ihose of an acute and chronic reaction. 

• No gross clianges were observed in the organs of any of the ducks. The 
'vright of the organs of the birds in the experimental group did not vary sig- 
mficantly from the controls. The femur hone marrow from the ducks given co- 
for three-, seven-, and fonrtcen-day periods was more red in color and 
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semiliquid when compared to that of the corresponding controls. The marrow 
sections from the dncks injected with cobalt for twenty-eight days did not show 
microscopically a significant difference from that of the controls (Fig. 3). In the 
hyperplastic bone marrow, the predominating cell was large and mononnelear; 
the nneleus was usually either round or oval. Tlie nucleus stained lightly with 



Fig, 3 . — Aj Femur marrow from Duck 121. This is a normal duck and is the 
Duck lie shown in B. B, Femur marrow from Duck 116 given cobalt for seven days. 
marrow is hyperplastic. O, Femur marrow from Duck 110 given cobalt for twenty-eignt 
The marrow 'is hypoplastic. 

hematoxylin in some of the sections, while in others it stained deeply- The 
c 3 ’toplasm varied in its staining reaction from a light pink to a deep red. In 
some of the birds the cytoplasm of these marrow cells was filled with large re 
particles. 

There was an increase in the number of cells in the masses of extrameduHai^j' 
hemopoietic tissue in the sections of lungs, liver, adrenals, and kidney from the 
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(lucks given cob.'ill for the three-, seven-, and foiirtcon-day periods. The eon- 
(rol ducks of corrcspoiuliug age showed few, if any, cNtramcduUnry foci of 
blood-forming tissue in the liver and kidney. The experimental ducks liad large 
foci of these cells protruding into the lumiiia of the blood sinuses (Figs. 4 and 5). 
These cells were mononuclear and dark staining. In the lumina of some of the 
large blood vessels, groups of cells were present snnilnr to lliosc forming the 
masses projccling into the lumen, ll was obvious from microscopic study that 






Flp. 4.— Hypcrplaala occurs In the extramedullar>' erythroblastic tissue In the clucks 
Slven cobalt for a short period. The adrenal from Duck 111 jrlvcn cobalt for throe days. Note 
the projection of these colls Into tlic lumen of the blood vessel. 






Fig. 5.— Hyperplasia occurs In the e.xtramedullarj’ erythroblastic tissue In the kidney similar 
to that in the adrenal. Duck 114 was given cobalt for three days. 

ttee vjtre neiOicr agglulhiated red cells nor groups oi normal cireulaUng white 
Wood cells. 

There rvas an appai'cnt increase in the number of cells in the splenic pulp 
of ducks given cobalt. The increase oeeurred in the number o£ large mononuclear 
tells, many of which had eosinophilic particles in their cytoplasm. Hyperplastic 






334 


DAVIS, MG CULLOUGH, AND HIGDON 


masses of these reticular-like cells projected into the lumen of the splenic sinuses 
in a manner similar to those in the liver, kidnej', and adrenal. 

DISCUSSION 

Polycythemia may be produced in the duck following the subcutaneous in- 
jection of eohaltous chloride. The increase in the number of cells in the erythro- 
blastic sei’ies is similar to that occurring in mammals. As far as we know, this 
is the first time results have been published in which birds have been used for 
the study of polycythemia produced by cobalt. 

In this experiment the increase in the total number of red cells rapidly 
progressed until the fourteenth da}\ Prom this time until the end of the ex- 
periment on the twentj'-eighth day the number of red cells remained approxi- 
mately constant. The number of cells during this intervml remained at about 
38 per cent over that at the lieginning of the experiment. It is of interest to 
observe that the red cells of the controls inei'eased about 16 per cent during the 
same period. These observations suggest that the normal erythrocyte count for 
young ducks graduallj" increases with age from 3 to 6 weeks. The average 
number of red cells for 3-week-old ducks is 2.3 million. Hewitt observed a varia- 
tion in the total number of red blood cells in young and adult ducks.’® 

The percentage of j’oung eiythroeytes is increased in the peripheral blood 
during the first few days following the initial injeetions of cobalt. A number 
of these young cells were found in a dab smear of the liver of Duck 13 on the 
fourteenth experimental day. The histologic studies of the tissues corroborate 
the hematologic obsenmlions of hyperactivity of the erytlu’oblastic series. The 
bone marrow from the femur was hyperplastic in the ducks killed on or before 
the fourteenth day of the experiment. The extramedullary foci in the spleen, 
liver, adrenal, and kidney also showed a greater number of cells during this 
same period as compared A\'ith the control birds. It appears, therefore, that 
all the erythroblastic foci are stimulated nithin three days folloiving the com- 
mencement of the subcutaneous injections of cobalt. 

The ducks which were given cobalt showed a sustained polycythemia from 
the fourteenth day to the end of the experiment on the twenty-eightli clay. 
During this time there was a gradual diminution in the number of young reel 
blood cells in the peripheral blood. The femur marrow from the ducks given 
cobalt and sacrificed on either the nineteenth or twenty-eigRth day of the experi- 
ment appeared the same in histologic sections as those of the controls of similar 
age. It was definitely hypoplastic as compared with the femur marrow from 
the bii’ds given cobalt and sacrificed on the third, seventh, or fourteenth day. 
Furthermore, the foci of extramedullary eiythropoiesis Avere absent in the ducks 
given cobalt and sacrificed on the nineteenth and the tAventy-eighth days of the 
experiment. The hematologic and pathologic observations indicate that cobalt 
at first stimulates erythropoiesis, after AA'hich it may act either as a depressor 
or an injurious agent to the erjdhroblastic series. 

Some consideration must be girmn the fact that total red cell counts per- 
sisted AAdiile the percentages of young cells Avere falling and the marroAv shoAved 
an increasing hypoplasia. The mechanism of cobalt polycythemia has been 
studied by several Avorkers. According to Orten, the general opinion seems to 
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be that ill rats, rabbits and do"s, this ])olycythomia is a product of increased 
lilood production rather tlian of doeivascd blood destruction.' In our animals, 
tliis stimulation of cell production would scorn to be a feature of the early stages 
of cobalt admini.stration. \Vitli the continuation of cobalt, however, there is a 
fall in erythi‘oi)oictic activity not rellectcd in the total red cell counts of the 
perijiheral blood. At tlie same time that the production of young cells is de- 
pro.ssod, there is a depression in the ]>lmgoeylie activity, or capacity, of the re- 
ticulo-endothelial elements of the spleen, particularly, and of tlic liver. At least 
tliis apjiears to be the case if one may estimate the i)hagocytic activity of such 
elements hy the amount of iihauoeytosed pigment and cellular debris seen in 
their cyto])lasm. It is sugge.sted, therefore, that in ducks the initial rise in 
peripheral counts is a product of erythropoietic stimulation but that the main- 
tenance of the elevated count may, in part, be the product of a depressed rate 
of blood dc.stniction, Sevei'al ob.scr\'ations of our own and those of others seem 
to bear out such a conclusion. 

Andei'son and co-workei's"*' have found that a higli blood-building diet is 
necessary to tlie maintenaneo of cobalt poheythemia in the rat, Tliis fact, con- 
sidered with our findings, may suggest tliat cobalt, in the absence of sucli dietary 
support, ultimately suppre.sses erylhropoicsis Fi'ost and as.sociate.s-^ found 
cobalt to have what tlicy considered a toxic on'ccl on young dogs, an effect that 
was partially compcn.satod by the simultaneous feeding of whole liver. In the 
blood films of our ducks Idllod on the nineteentli and twonty-cighlli experimental 
days there was evidence of increasing intravascular cellular fragmentation wliich, 
in association with the increasing marrow hypoplasia, may indicate a toxic proc- 
ess under way in those animals. If this iiUerprctation is correct, it becomes neces- 
sary to assume some depression in rate of blood destniction to account for the 
maintenance of elevated erythrocyte counts. To support this assumption, there 
i'? the observation that at the time the greatest amount of cellular debris occurred 
in the peripheral blood, there was also the least pliagocytosed material seen in 
the reticulo-endotlielial elements, which one iniglit normally expect to be loaded 
with it. These facts lead one to assume some depression in the blood-destroying 
activity in the duck as a consequence of continued cobalt administration. 

To summarize the hematologic and pathologic data in the ducks given cohalt, 
it may he said that there occurs a period in, the latter part of the experiment 
in which there is a marked increase in the total number of red blood cells, but 
the percentage of young cells has decreased and the number of erythroblastic 
cells in the bone marrow has decreased also. Furtlierinoro, tlie erythrocytes at 
this time show cytologic evidence of injuiy. Tliere also is evidence at tliis 
time of decreased phagocytic activity of the cells in the reticulo-endothelial 
system. There is, therefore, a polycythemia with cytologic and pathologic evi- 
fience of injurj' to the erythroblastic .scries. 

Ducks infected with PJasvwdinm lophurae show a hyperactivity of the cells 
in the femur marrow and also of those in the extramedullar}’ eiythropoietic 
^oci.^8 It has been suggested tliat this hyperplasia was tlic response of the 
birds to the acute and rapid loss of red blood cells produced by the malarial 
parasite. Similar histologic changes arc present in tlic ducks given cobalt and 
killed between the third and fouidcenth day. In malarial infected duclcs there is 
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an anemia; in cobalt-treated birds there is a polycythemia. In each experiment 
there has been a stimnlation of the hematopoietic tissue. These observations in 
the cobalt-treated ducks, therefore, apparently support the opinion of one of us 
{B. H. B.), that certain of the patholo^e changes in malaria result from the 
anemia and are not specific for this disease. 

CONCLUSIONS 

1. Polycythemia has been produced in young ducks by subcutaneous injec- 
tion of cobaltous chloride in aqueous solution. 

2. This polycythemia is accompanied by early marrow hyperplasia and an 
increase in extramedullai^ erythropoietic masses in spleen, liver, kidney, and 
suprarenal. 

3. With continued injection of cobaltous chloride, thei’e is evidence of 
marrow hypoplasia, disappearance of extramedullary erythropoietic foci, and 
a lowered phagocytic activity of the reticulo-endothelial elements of the spleen 
and the liver. 
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Tabi.e I 

Questionnaire — Intentions op 300 Minnesota Physicians in Armed Services* 


Entering service from internship GS 

Will enter practice I 

Want sliort courses S 

AVant residencies 39 

Entering service from residency SO 

Will practice specialty 6 

Want short courses 15 

Want residencies 29 


Entering service from practice 382 

I?o-entering genera! practice Si 

Re-entering specialty practice 57 

AVant short courses 200 

AVant residencies 87 

Remain in government service 7 


♦These data were provided through the courtesy of Mr. K. R. Rosell, Secretary, Minnesota 
State Medical Association, Medical Arts Bldg., St. Paul, Minn. 


those in Service Avho would like to return to civilian life immediately upon the 
Avar’s end. There is every reason to anticipate that the plotted curve of increas- 
ing participation in graduate medical eduction in the postwar years will be 
plateaulike rather than sharp peaked, comparable, if you like, to the pulse wave 
of aortic stenosis rather than to that of aortic regurgitation. It is liighly pvah- 
able that the wave of increase Avill be sustained for at least ten years, and per- 
haps indefinitely. Recognizing the obvious cause of the ascending portion of 
the curv'e as iieing due to the men gradually returning from Service, the ques- 
tion may well lie asked as to wliat factors are going to maintain the plateau. One 
is ever more impressed that the old order changeth, yielding place to new', whicli 
in this instance is the crescendo increase of group practice and specialization w 
smaller communities. There appears to be but little doubt that the general 
practitioner of the future is going to be steadily more of an internist and less 
of a surgeon; a family physician and counselor who has been trained in the 
recognition of disease but Avho lias no illusions about his ability to treat it sur- 
gically ; one who is at least reasonably competent in medical management an 
at the same time aware of its limitations. In years gone by the general prac 
titioner, in the truest sense of the term, was essential because of the factors o 
time and distance, ilodem transportation is rapidly bringing these factois to 
the vanishing point. Excluding the temporary difficulties imposed by "ui, ! 
Avill seldom be necessary any longer for a patient to be transported for more t la” 
a veiy brief period in order to have an emergency or complex problem of w la 
ever nature eared for by a thorouglily competent specialist. There is little douJ 
that this trend will continue to develop after the war. We can look forwar ^ 
a steady increase in the number of strategically located, well-equipped an 
staffed hospitals in smaller cities. Concrete plans along these lines are 
contemplated in sevei-al states and, as many of you Imow', the Cominonneo^^ 
Foundation has initiated a plan of this tj'pe in the South during recent 
AH of these hospitals Avill undoubtedly be small centers of group pme lee 


quiring varying numbers of medical and surgical specialists. 

Thus it seems evident that we are going to have tlie demand and 
for a sustained plateau in graduate medical education. This wHl 
creased teaching material and staff. In many of tiie centers of medieu e 
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tiou tlie clinical material will sufiicc if it is made available in tlie proper waj'. 
Some universities, as, for cxanii)le, those in Boston, have been able to avail them- 
selves fully of tlie clinical material in their cities, to tiic fjrcat advantage of medi- 
cal education, clinical researcli, and the care of the sick. In many other centers, 
liowcver, a vast amount of fii'st-class clinical niatcrial is not being employed to 
the greatest good. One additional ([iiestion regarding available clinical material 
which looms large at the present time is that of tlie future relationship of the 
Veterans’ Hospitals to medical education It is generally understood that .be- 
tween tiiree and four hundred tlmiisand hods will lie available for veterans 
throughout the United States. Obviously, a large numlier of trained specialists 
will be needed to jirovidc adequate medical care in these institutions, and this 
need might well liave been added to those factors mentioned a few moments ago 
whicii arc believed likely to maintain the jilaloau of increase in graduate medical 
education. One must ask, however, to what extent a considerable segregation of 
the national clinical material in the Veterans’ Hospitals might impose serious 
limitations upon the universities and teaeliing liospitals. I sliall risk being 
thought naive to venture tlie belief that an affiliation of medical schools and 
Veterans’ Hospitals for tlie purjiose of teaching and ivscareli would appear to 
have many mutual advantages. In the past the Veterans’ Administration has 
midoubtedly had to give tliouglit to olijootioiis on the iiart of some to their be- 
ing used for this purpose. Tiiis oi),ieclion wouid iie removed, iiowever, if the 
arrangement wore worked out on a pureiy voluntary basis. It is true that tlio 
location of many of tlie liospitals would jirccludc tlioir use, but in the Twin 
Cities area, for example, a SOO-bed lio.spital is near at hand. This hospital would 
provide excellent clinical material not olhenviso available, as, for example, in 
Tropical Medicine. 

In contemplating a program for a mucli larger number of graduates, it is 
evident tliat a broader base must be acliicvod and tliat tliLs can be effected, with 
undoubted advantage to tlie individual, tlirougli greater diversification of train- 
ii'S. It is clear that tlie direction wliicli tliis pursues sliould depend to some e.x- 
tent upon whether the individual’s goal is one of tlie practice of medicine, after 
certification of the Board, or wlictlicr, mainly, one of clinical teaching and re- 
scarcli. In tiie former case, tlie plan should place more emphasis upon clinical 
laedieinc, while in the latter, soinewliat more time sliould be devoted to the pre- 
rlhiical sciences and to experimental medicine. By tliis, I do not mean to imply 
that the individual can decide fortliwith that he is going to pui-sue an academic 
rarccr in medicine. He may have tliis plan and lie may, indeed, liave gauged 
ills talents and abilities properly; on tlie other liand, it may become apparent 
after a year or so of exploration tliat he is better suited to the art and science 
af tile practice of medicine than to the science and art of clinical investigation. 
Thus it is clear that an allowance of time will be necessary at the outset which 
should take the form of a period of training of equal value in either direction, 
with these reflections in mind, a program of the general type given in Table II 
IS under tentative consideration. 


It is obvious that each individual rotating through this schedule will not 
•eve service in all of the departments mentioned. Furtlier, it is certain that 
some will drop out before the four years are completed, mainly because of real 
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Table II 


First Year 

6 to 9 months’ assistant residency in medicine. 

3 to 6 months’ service in one or two minor fields: pathology, medical 
gynecology, clinical laboratory medicine, radiology 
Second and Third Years 

Same plan as in first year plus 6 months (total) as clinical assistant with 
university preceptor (private practice) 

Fourth Year 

6 to 9 months’ residency in medicine 

3 to 6 months in a minor subject, as noted in first-year plan 


or imagined financial stringencies. Let tis return to this problem in a few 
moments. The plan is sufficiently elastic to permit more emphasis on clinical 
training for those who are clearly suited for the practice of medicine and more 
on the fundamental sciences and on clinical research for those who show promise 
in the latter direction. Except for periods spent with the preceptor, the in- 
dividual will he given teaching responsibility throughout, not only to gauge 
his aptitude for teaching, but also to provide an additional stimulus to the quest 
for knowledge. He "will also be encouraged from the outset to devote whatever 
unused time his program may permit to a continuing reseai’ch on a specific prob- 
lem in medicine. 

It may be noted that the clinical assistantship with a university preceptor 
is assigned to the second and thir-d yeai-s. Where it is evident early that a 
man is best suited for practice, tliis period will be deferred until the third year. 
If the individual shows some promise for teaching and research but is not cer- 
tain of his inclination, the period of contact with the practicing physician may be 
provided in the second year in order that he may have an earlier opportunity 
to make due comparison. A nirmber of advantages are envisioned m such pre- 
ceptorships, among which a better insight into the physician-private patient rela- 
tionship may be stressed ; that is to say, a superior opportunity of studying the 
art of medicine as compared with that usually available in the teaching hospital. 
It is recognized, of course, that difficulties will be encountered unless the greatest 
care is exercised in the choice of these preceptors and in the arrangements made 
between them and the university at the outset. It is believed, however, that the 
selection of a few outstanding men will gradually permit the establishment ot 
a tradition of the utmost value. By means of these preceptorships, plus fellow- 
ships in certain hospitals not yet included in the graduate program, it is believed 
that the Department of Medicine of the University of Minnesota would be able 
to achieve a threefold expansion of its graduate enrollment. 

A four-year program of the ty^pe just alluded to at once brings up one o 
the most important problems of graduate education ; namely, the ever-increasing 
age at ivhich an individual completes his formal training. This problem is the 
inevitable sequel to the need for more time to impart the expanding knowledge 
of the sciences. Increasing specialization in medicine has served, here, to pie- 
vent the problem from attaining impossible dimensions, but I think we are a 
aware of the economic and social difficulties often imposed upon the young man 
intent upon securing graduate instruction but uinvilling to wait until he is 
years of age or older before assuming family responsibilities. Not a few haic 
existed penurioiisly for several years rather than forego either training oi 
family. What measures might be taken to alleviate this difficulty at least m 
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part ? For one thinjj, ii j^radiiiited incrr:i.se in Ktipoul inijilit l)e provided, depend- 
ing upon tile size of tlic individind's family, acrording Jo the estaiiiished and 
tlioroughly satisfaetoiy metliod in use for governnu'nj einj)loyoes in certain 
countries. In tlii.s country \vc are eoiLstantly depl(»ring the relatively' low birth 
rate at the so-called “intelligentsia” level, .vet our present salary seale in 
graduate education certainly eonnierhalanees any proiiaganda which might 
encourage graduate students to have familie.s, or larger families. If additional 
subsidies become available for advanced study after the war, some thought 
niiglit well he given to the estahlishment of a slhliug scale according to the num- 
ber of dependents. 

Another factor of j)erha])s more imporlanee to the problem of late age of 
comi)Iction is that of the amount of lime spent in primary education. As a 
nation, we have long been wedded to the eoneepi that everyone, with exception 
of tile occasional infant jirodigy, must spend eight years in grade school and four 
m high school before entering college line is reminded of the old verse of 
Persius*: “Ho still is moist and yielding clay; now, now, ere he congeal, we 
must make haste and tirclessl.v .shape him on the shan> wheel.” 

We are just beginning to realize that the ability of .school children and 
llieir need of a longer or shorter iieriod of primary schooling before entering 
college must he treated in part, as a problem in bio-statistics. If 18 is the cor- 
rect average ago for college cutranec, it is a statistical certainty that there are 
many who can enter at 17, quite a few at 16, and a fair nuiuber even below tliis 
oge. Conversely, there are many who are not ready at IS, It), or 20, and of this 
group the vast majority are not suited for a college education at all. In the past 
there has been a strong prejudice again.st acceleration of the primary education 
in individual cases beeaiiso of the fear of jisyehologic maladjustments duo to ago 
disparity. There is an iiiereasing feeling, however, that this difficulty can bo 
avoided by an early and careful seleelion of groups or units which are advanced 
tlirougli the primary .schools at varying rates, according to scholastic ability and 
etlier factors. I shall not attempt to discuss the difficulties of selection which 
■such a proposal would entail, except to say that many leading educators now 
regard this general type of selection as entirel.v feasible on the basis of objective 
testing. Clinical investigators and tcaeher.s, in jiarticular, ought to be vitally 
interested in this whole problem. 

, I must yield to the temptation to digress for a moment longer on the topic 
of primary education. Jlay I recommend to any of you who have not already 
read it the charming essay of Montaigne on the “Education of Children,” first 
published in 15S0. In this, as translated by Florio, Montaigne sayst: “Those 
which according to our common fashion undertake with one selfetsame lesson, 
and like mailer of education to direct many spirits of divers fonnes and dif- 
ferent humours, it is no marvell if among a multitude of children, they seai-so 
™eet with two or three that reap any good fruit by their discipline, or that may 
eoiiie to any perfection.” This may be unduly severe for the twentieth century, 
'rat it is adequate evidence, nevertheless, that the concept which has just been 
upheld, that is, recognizing individual variations in intelligence and aptitude 
and tea ching accordingly, is by no means a recent one. 

- 'Prom Selected Esaatis of Montaigne tianslated by Donald Frame, published by Waltei 
• “lack, Kew York, N. Y., for the Classics Cluto, 1944. 

tPublisheil by the Modern Library, Random House. Inc., New York, N. Y, 
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The accelerated curriculum which the medical schools of this country have 
adopted during the period of the war should be reconsidered from the viewpoint 
just presented. There are some medical students who will perhaps not suffer 
because of the acceleration and who will thus gain time for graduate education. 
On the other hand, there are many, probably a majority, who should have more 
time for study and contemplation and- for whom the accelerated curriculum is 
not well suited. I am fully aware of the difficulty which a double curriculum 
would impose on the administration and faculty of any medical school. I do not 
offer any solution of this problem but simply wish to emphasize its importance. 

Up to the present, the discussion has related in the main to graduate rather 
than postgraduate education. The war will really draw the distinction between 
these two to the vanishing point, mainly because of the difficulty which will 
certainly be encountered in classifying an individual’s medical experience during 
his period of Service. Some will have gone from their brief internships to an 
Army or Navy hospital where they will have served for two to three years, often 
under careful supervision and with excellent clinical material and facilities. 
This group will have gained considerable experience of real value to their future 
career and may, therefore, have been considered to have had some of their 
graduate training. Other's, however, will have gained little but a broader ex- 
perience in living, and will, in fact, have lost much of what medicine they learned 
during their accelerated medical school curriculum. Undoubtedly, the best thing 
for this group, initially, would be a further period of internship, and it is to he 
hoped that this can be arranged in many instances. 

In addition to those who went from their internship directly into the Armed 
Services, there will be' a large number of men who had been in practice for from 
a few months to a number of years. Quite a few of the latter will want “re- 
fresher” courses lasting from two to six months, while many of the yourrger men 
will be willing to devote a year to postgraduate work before returning to prac- 
tice. The lack of urrifornrity in this whole group is bound to make for the 
greatest difficulties both in policy and organizatiorr of courses. How can the 
most training be given to the individuals who are most in need of it? Obviously, 
a man who has had but nine months rotating internship preceding his Mihtaiy 
Service can go directly into practice if he so elects but, just as obviously, to the 
probable detriment of medical care. Is this individual to be admitted to re- 
fresher courses of from six to eight weeks in length ? The difficulty is, that if 
denied this privilege, some few will simply forego the longer courses which may 
be offered and enter practice sans refreshment. It is certain that this situation 
will have to be accepted in some measure as one of the inevitable baclcrvai 
journeys incident to war and that the best rve can do is to minimize it by trying 
to induce all of the younger veterans to spend at least sLx months in an inten- 
sive postgraduate^curriculum before entering practice. 

The character of the postgraduate curriculum offered in any given centei 
will, of necessity, vary rvith the available clinical material and extra teachino 
staff. Government or foundation subsidies of one source or another ivi e 
essential rvith rare exception. An attempt to plan a generally applic^i e 
curriculum would appear to have little value, but there are, nevertheless, 
guiduig principles which we have accepted in formulating our own plans. 
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of a representative organization will undertake this task."^ Such a committee 
could advise candidates as to the minimum period of training that they should 
receive on the basis of their prewar and war experience either in general medicine 
or in some special field. At the same time, an applicant could be infonned that 
a fellowship, house officership, or refresher course, as best fitted for his particular 
case, might be applied for at a given institution. Centralization along these 
general lines should be of material aid in providing the largest possible number 
of places and in accomplishing this end in the best interests of medical care and 
clinical research. 


•Since this address was given, a letter ha.s been received from the Council .„g,.i(.an 
Education and Hospitals, and the Committee on Postwar Medical Service, or in 
Medical Association, indicating that they will act in this capacity. 
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CHANGES IN THE PIlECOiiDIAE EEEi'TRiK’ARDIOOKAM PRODUCED 
RY EXTENSION OF ANTEROSEPTAH ilVOCARDIAL INFARCTION 

Fiuxcis F. Ro.sK.NiiAf.M, II.D., Frank N, Wilson, JI.D., and 
Frankux D. JonxsTON’, 31.1) 

Ann* Akuok, Jficii. 

All elcetrocartliograpliic study of two palionfs, each of wiiom experienced 
t'vo attacks of severe clicst jiain of llic anginal type witliiii a short period of time, 
1 iistiates the value of multiple preeordial lcad.s in diagnosis of the extension of 
an aiiteroseptal infarct. 

In the first case, the limb leads taken six and one-half hours after the onset 
of symptoms arc negative except for slight terminal inversion of the T waves in 
beads I and Vt,, ciiangcs somcwliat suggestive but not diagnostic of recent niyo- 
eardial infai’ction. The multijilo jirccordial leads, however, show QRS and T- 
wave changes in and sliarply inverted T waves in beads Vj, V4, and Vo. Ap- 
proximately thirty-six hours after the first attack of pain, the patient liad a 
second more severe and prolonged period of substernal distress associated with 
marked prostration. This attack was accompanied by the appearance of charac- 
teristic and progressive QRS and T-wave changes in Leads I, Vu Vj, V4, and 
* SI indicating a lateral extension of the infarclcd zone of muscle. 


The .second patient was first seen apiiroximately eighteen haul’s after sev- 
cial sliarp attacks of atypical angina pectoris. Tlie electrocardiogi'ams talten 
Jit tliat time display prominent QS deflections and inverted T w’aves charac- 
teristic of myocardial infarction in Lead.s V,, V,, and Vk. Sharp terminal in- 
'^rsion of tiie T w'aves is seen also in Leads I, II, Vl, V3, ¥4, and Vo, but 

iio significant changes in the QRS complexes appear in these leads. Two days 
Jifter the examination, the patient experienced a prolonged attack of severe 
ehe.st pain. The electrocardiograms taken tliree inontlis later show QS or large 
Q waves and sharply inverted T waves in Leads Vg, V3, Vj, and V5, indicating 
Ikat tlio zone of infarction had extended laterally. 


Tlie observations made illustrate the w’orth of multiple unipolar precordial 
leads in the diagnosis of the extension of an aiiteroseptal infarct. They also 
•'^iiggest that, in patients with coronaiy arterial disease, at least some of the 
Jittacks of pain which are usually considered premonitory or prodromal symp- 
toms of myocardial infarction represent the development of a small infarct and 
Jkat the more characteristic symptoms of coronary thrombosis which often occur 
Jiter arc due to an extension of the initial lesion. Evidence is again presented 
fiiat infarcts which are aiiteroseptal in location, as shown by diagnostic changes 
m leads from the right precordial area, often fail to produce equally significant 
changes in the limb leads. 


345 



346 


CENTRAL SOCIETY FOE CLINICAL RESEARCH 


DISCUSSION 

Dr. L. N. Katz, Chicago, 111. — The evidence presented by the Ann Arbor 
group would he more convincing if they had obtained control electrocardiograms 
preceding the recent myocardial infarction. The possibilitj"^ remains that the 
patient might have had an old healed infarct to account for the appearance of 
the first record. There are cases on record in which following severe precordial 
pain, the electrocardiogram, including chest leads, has been normal or not 
charaetei’istic. While the results of the authors are suggestive, their argument 
would be greatty strengthened if the possibility that the first record shown was 
not due to an old, healed infarct had been established. 

Dr. Douglas Deeds, Denver, Colo. — I was interested to note from Doctor 
Rosenbaum’s slides that the central terminal lead from the left arm exhibited 
inversion of the T wave while the same lead from the right arm and left leg 
did not. Two years ago it was my privilege to present to this Society electro- 
cardiographic data based upon the comparison of precordial Leads CR, CL, 
CP, and CT in an increasing series of abnormal cases now numbering in the 
hundreds. For several years it has been my belief that the best routine pre- 
cordial lead technique consists of Leads CL,, IV^, CL„, and the Whitten ampli- 
fication of Lead I. Therefore, I was keenly interested in noting the corrobora- 
tive evidence supplied by Doctor Rosenbaum’s slides in which the central ter- 
minal lead from the left arm exhibited T-wave inversion, whereas the same lead 
from the right arm and left leg exhibited upright T waves. Continuing in- 
vestigation continues to demonstrate that not infrequently the central terminal 
technique nullifies the valuable “sensitivity” of the Cl leads in acute cor 
pulmonale and in posterior left ventx'icular infarction and strengthens my be- 
lief that the left arm is the best so-called indiffei-ent electrode to use in routine 
precordial lead electrocardiography. 

Dr. Rosenbaum (closing). — I agree with Doctor Katz’ suggestion, that if 
earlier, control electrocardiograms had been available, the observations might 
be somewhat more impressive. It should be noted, however, tJiat the first patient 
had no cardiac symptoms whatever prior to those which appeared six and one- 
half hours before the fii-st standai’d leads and twenty-seven hours before the 
precordial leads were taken. This additional slide presents the records of a 
patient who had a myocardial infarct two or three weelis earlier. Except for 
slight flattening of the T waves in Lead I, the standard leads and the leads from 
the left preeordium (V 4 , V 5 , and Y^) are well within normal limits. However, 
the unipolar lead from the left arm (Vl) shows sharp terminal inversion of the 
T waves and Y„ and V 3 (from the I’ight preeordium) display QS deflections mid 
inverted T waves characteristic of recent anteroseptal myocardial infarction. 
Some of the eases of “impending myocardial infarction” which have been re- 
ported to show no or minor changes in the electrocardiograms, which have been 
limited to the standard leads and a single lead from the left preeordium (usually 
IVP ) , may actually have been similar examples of anteroseptal myocardial in- 
farction. Again, I would like to emphasize that we do not feel there is sufficient 
evidence at the present time to indicate that all premonitory symptoms ai’c asso- 
ciated with infarction. There are pi'obably many instances in which these mani- 
festations are not associated with actual infarction. 

In reply to Doctor Deeds’ question I'egarding the T waves in the lead from 
tlie left arm (Vi,), it is true that in both of these patients tlie T waves were in- 
verted in this lead. This is the usual finding in infarcts which involve the an- 
terior aspects of the left ventricle. However, if the left arm were used as the in- 
different point in talring the preeordial leads, the effect would be to subtract the 
inverted T wave of the unipolar left arm lead from the negative T wave of the 
precordial leads, thereby diminishing rather than increasing the evidence or 
infarction. 
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THE USE OF THE AUGJIEN'TEU UNIPOEAR LEFT LEG LEAD IN THE 
DIFFBRI':XTrATION OF THE NOKJfAL FROJI ABNORIIAL 
Q WAVE IN STANDARD LEAD III 

Gordon' B. JIyers, JI.D,, and Bkn'jamin' G, Okex, I). (By Invitation) 
Detroit, JIich. 

An attempt was made to evaluate the diagnostic significance of the QRS 
pattern in tlie augmented iniipolar left leg lead (Lead AVp) as a means of 
establishing or excluding the diagnosis of posterior infarction. A series of 
forty-nine iiatients was selected for study heeau.se of the presence of a prominent 
Q wave in standard Lead III. One additional patient with po.stcrior infarction 
was ineliidcd who did not have (i waves but exhibited the classical ST-T wave 
changes in Lead III. 

JIultiple prccordial and unipolar extreiiiily leads were taken on every pa- 
tient and esophageal leads nere taken on forty-four of the fifty patients. The 
presence of a posterior infarct was established in a total of twenty-five patients — 
in four of these by autojisy and in the remaining twenty-one by tyiiical esophag- 
eal leads. The infarct was months or years old in all but four jiatients. 
Posterior infarction was exeliuled iu a total of twenty-five patients — in tliree by 
autoiwy and in the remaining twenty-two by negative esophageal leads. 

In all eases where posterior infarction was excluded, a inominent Q3 or 
QS3 was present. This amounted to 25 per cent or more of the tallest R in 
twenty-three of the twenty-live patients; from an examination of the standard 
leads alone, many of these ea.ses could not be distinguished from cases proved 
to have old posterior infarction. The pattern of the QRS in lend AVr proved to 
be of considerable help in tliis dilfcrcntiation. 

A QAVp which wins 25 per cent or more of RAVp was found in twenty-two 
of the twenty-five patient.s ])roved to have posterior infarct, and in only three 
of the twenty-five patients in whom the diagnosis of posterior infarction had been 
excluded. In both patients with posterior infarct who had a Q3 but failed to 
show QAVp, esoifiiagcal leads suggested that the infarct was located high on the 
liosterior wall, near the auricular margin. The voltage of the QRS wave in Lead 
AVp was low in two of the three uninfarcted controls who showed a Q/R ratio ex- 
ceeding 25 per cent in this lead. In the remaining case, the deep Q wave was 
present in Lead AVp when the patient was recumbent, but disappeared when the 
curve was taken in the erect posture. 

DISCUSSION 

Dr. Edward JIassie, St. Louis, Mo.— In the Heart Station at Barnes Hos- 
pital, we routinely have the patient take a deep breath iu Lead III. It has 
been our impression that, in those patients with uorinal hearts, the Q3 tends to 
disappear or at least become significantly smaller following a deep inspiration. 
I should like to ask for other opinions regarding this point, because certainly 
this would be a simple way to differentiate a noi-mal from an abnormal Q3. 

Dr. J. S. LaDue, New Orleans, La.— I would like to ask whether or not any 
correlation between the anatomic axis of the heart was made in patients who 
bad prominent Q waves in the augmented unipolar leg lead but who failed to 
show infarction at autopsv. The horizontal position of the heart might account 
tor the enlarged Q. 
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Dr. Louis N. Katz, Chicago, 111. — The term unipolar lead is misinforming. 
It still remains to be demonstrated that these leads show only the potential 
changes of one extremity, and I wish it to go on record that I believe this concept 
is far from proved. 

Dr. Franklin D. Johnston, Ann Arbor, Mich. — I think the chest lead is 
worth while. I would like to point out one further point, however — the im- 
portance of potential variation of the left leg in posterior infarction. The 
left leg, of course, enters into the production of II and III standard leads. 
Furthermore, the fallacy of the left leg in these two leads is the same. There- 
fore, if alterations in the potential of the left leg are going to produce a Q 
wave in Lead III, they wMl also produce Q waves in Lead II. That particular 
point of the appearance of Q waves in Lead II as well as in Lead III is of 
significance. Several years ago Durant made a study of a small group of patients 
in a heart station and pointed out the importance of having small Q waves in 
Lead II as well as Q -waves in Lead III. 

Dr, Chester M. Kurtz, Madison, Wis. — For several years at the Wisconsin 
General Hospital we routinely have been taking a strip of Lead III with the 
breath held in deep inspiration and have found it a very valuable procedure. 
In general, a prominent Q3 resulting from myocardial infarction or serious 
coronary sclerosis tends to persist, rvhile a Q3 which is of no clinical significance 
is very likely to disappear. I do not mean to imply that this procedure can in 
any way replace the method outlined by Doctor Myers but simply mention it hi 
corroboration of the experience obtained by the group at Barnes Hospital in 
St. Louis. 

Dr. klvERS (closing). — Both Doctor lllassie and Doctor Kurtz have called 
attention to the well-knomi tendency of deep inspiration to obliterate the normal 
Q3. This did not take place in some of our patients having a normal Q wave 
in Lead III. Furthermore, respiratory changes in amplitude may occur in the 
Q3 associated with posterior infarction. Hence, the practice of taking a portion 
of Lead III during deep inspiration is a helpful but not absolutely conclusive 
procedure in the differentiation of the normal from the abnormal Q3. 

With reference to Doctor LaDue’s comment, we are attempting to make a 
correlation of the electrical axis observed during life with the anatomic axis 
observed at post mortem. There seems to be a rough correlation but the study 
has not progressed far enough to justify any positive statement. 

Doctor Katz is technically correct in objecting to the use of the term “uni- 
polar” smee the potential of the “indifferent” electrode in the Goldberger as 
well as in the Wilson terminal is not exactly zero. The potential of the “indif- 
ferent” electrode, however, is so small it does not detract from the clinical use 
of Lead AVf in the diagnosis of posterior infarction. 

Doctor Johnston has brought out the fact that in posterior infarction an 
abnormal Q wave is often present in Lead II as well as in Lead III. This is 
certainly true in the acute stage, but as time passes the Q wave tends to disap- 
pear from Lead II while it remains in Lead III. In twelve of our twenty-five 
patients udth posterior infarct, Q2 ivas =*>isent or less tlian 25 per cent 

of the amplitude of E2. 
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OBSERVATIONS ON THE IIUIMAN ELECTROCARIHOORAII DURING 
EXPERDIENTAL DISTENTION OF THE GALE BLADDER 

Selim W. JIcAhtiiuk, and IIowaiid Wakei’Ield, JI.D. 

(Introduced uv N. C. (Jn-nKUT. 

Chicago, Iia,. 

Tiio ns.sociatioii of organic heart <li;*ease anil biliary tract tliscaso, especially 
stone-bearing gall blaililci-s, lias lieeii einijliasized Ijy clinicians for nianj* years. 
Pliysiologists have ilcmonslrated the presence of viscerocardiac reflexes, espe- 
cially in the lower animals, and more reeeiitly experimental M'ork on animals 
lias (lemoiLstrated reduced coronary blood flow on distention of tlic stomach and 
gall bladder. "With tliese^ideas in mind, ue felt that the study of the distended 
human gall bladder M’itli the electrocardiographic method might yield further 
evidence indicating tlie close relationship between the heart and the gall bladder. 
It is obvious that the results of such a study are of much imiiortaiice to the 
surgeon and internist. 

Procedure.— In the pre.sent .scries of seven female patients wliose ages 
ranged between 34 and 7S years, all had stone-bearing gall bladders and cholc- 
cystectomy was performed on eaeii patient. In the preuperative clinical study, 
electrocardiograms were made as controls. The prcoiierativc medication usually 
consisted of H to gv. of morphine .sulfate hypodermically and Moo gi*. of 
atrophino sulfate or Mr.o gt'* seopolainine in some cases. 

Control oleetrocardiograms were made witli a portable in.strinnent Mhile 
the patient was still a\vako on the ojicraling table. Additional tracings wore 
made as the patient was going under and especially during the third plane of 
aiicstliGsia. Cyelopi'oiiane was the usual anesthetic; in some instances a mixture 
of cyclopropane and etliylcne was used. During crucial procedures most ob- 
servations were made with Lead 11. Precordial leads were omitted entirely, 
because the clicst lead might be in the surgeon's way and, what is probably 
more important, we wished to approach llie subject with a more stable lead, 
f>o Lead II was our choice. When llierc was time, some observations were also 
made with Leads I and III. 

After the gall bladder was isolated, about 30 c.c. of normal salt solution 
were injected suddenly through a line hyiiodcrmie needle into the fundus of the 
gall bladder. In some cases quite a higli degree of pressure was obtained in the 
gall bladder, especially if the cystic duet was blocked witli a stone. Tracings 
on Lead II were also made of such procedures as cutting the skin, piillnig the 
peritoneum, and traction on the gall bladder and cystic duct. Trueuigs were 
made during convalescence. 

Summary . — 

1. During the experimental distention of the human gall bladder, we have 
observed either an increase in heart rate (four patients) or no change in rate 
at all (three patients). In our small serie.s, .slowing of the heaii- rate has not 
been observed. When the heart rale is going to accelerate after distention of the 
gall bladder, the increase in rate usually occurs immediately. After release 
of the pressure in the gall bladder, the slowing down of the heart rate is a gradual 
affair. 
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2. Depression of T II to the isoelectric level lias been observed; complete 
negativity of T II has not been seen so far. 

3. Extrasystoles occur freciuently after distention of the gall bladder. 

4. Increased P-R interval (partial block) has been observed. The block 
disappears rather quickly after release of the pressure in the gall bladder (by 
aspiration of contents) . 

5. Traction on the gall bladder or cystic duct in some patients speeds iq) 
the heart rate almost immediately. 

6. In our experience, the heart rate usually slows down during the third 
plane of anesthesia, before surgery is started, either with cyclopropane or a 
mixture of ejmlopropane and ethylene. There is also a better definition of all 
the eomponents in the electrocardiogram. AVe have 'seen little arrhythmia or 
conduction disturbances during the third plane of anesthesia in our control 
tracings. 

7. Cutting the skin and dissection of the subcutaneous tissues down to the 
peritoneum usuall.y produced no changes in the electrocardiogram. In one 
patient, pulling on the peritoneum speeded up the heart rate. 

Conclusion . — These observations indicate that it is impossible to predict 
what will happen in the human electrocardiogram after distention of the gall 
bladder. There is no specific reaction or pattern in the electrocardiogram. which 
is characteristic of gall bladder distention. In some patients distinct changes 
occur immediately in the electrocardiogram after distention of the gall bladder 
with normal salt solution; in othei’s, little or no reaction occurs. 

These observations are to be regarded as a preliminary report. Further 
obsenmtions with some modification of technique are being made. The studies 
will be reported subsequently after a much larger series has been observed. We 
have been unable to find any similar published reports in the literature in wliiclt 
the human gall bladder has been distended with normal salt solution and studied 
with the electrocardiographic method. 

DISCUSSION 

Dr. Joseph A. Capps, Chicago, III. — These findings are quite interesting- 
The inteiTn’etation of the mechanism b.v which dilatation of the gall bladder 
produces heart block is rather puzzling. AVe might consider as an analog}' the 
effect of traumatizing the inflamed visceiml pleura, since the pleura has the 
same innervation as the gall bladder. 

Prolonged irritation of the inflamed visceral pleura often produces slo^ymg 
of the pulse, and at times actual stoppage of the heart. This is a cardio-inhibit- 
ing reflex. So the heart block resulting from dilatation of the gall bladder 
would suggest a vagal effect. 

Commonly enough the pulse rate in the essayists’ experiments was not 
slowed. It may be that the atropine administered preoperatively counteracted 
the slo^ving effect of the vagus nerve but did not prevent impulses from passing 
to the bundles of His, resulting in transient heart block. I would suggest to 
the authors that further observations be made with the omission of the atropme. 

Dr. Donald D. Kozoll, Chicago, 111. — I would like to ask the investigatois 
if they attempted distention of the common bile duet with these observations. 

Dr. 6. K. Penn, Chicago, 111. — I was interested because we reported the 
results on the coronary circulation with distention of the hollow viscera some 
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time n;^o. I would like to ask if the authors noticed aiij- clinical evidence of 
effect on the coronary circulation. 

Du. IVakefikld (closing). — I think that l)ocl()i' ('ai)i)s’ point about atropine 
is a good one. I do not know the answer in fad I certainly would say that 
the dose that is used was not great enough. * mo ^'lao ©i* , to paralyze the vagi. 
Otherwise we would not get any rcspon.se because the work of Fenn and Gilbert 
lias shown where the vagi are paralyzed in dogs, either by section or paralysis, 
you do not got any reaction. 

Regarding Doctor Kozoll’.s (|uestion about distention of the common duct 
itself, we have not done that in the operating room Our immediate i)roblem 
was the effect of the distention of the gall Idadder itself. We distended the 
common duct in a patient postoperatively in whom Doctor ^McArthur had left 
a T tube. However, that is nothing new heeauso Ravdin has made a demon- 
stration of what happens there. We found the same result. Wc did not have 
a ballisto-canliograph and wc could not determine the cardiac output as Starr 
has done, hut we did have the patient conneeted to the electrocardiograph and 
distended the common duct through the T tube to the iioint where it produced 
siihstornal pain and there was no change in tlic pulse rate and very little fluc- 
tuation in blood pressure and no change in the tracing. I think Ravdin in 1942 
before the American Surgical As.soeiation spoke of the same thing. AVc con- 
sidered that another iirohlem. The results have not hiuMi as interesting as what 
happened in the distention of the gall bladder itself. 

Doctor Fenn’s question Is interesting as to what clinical results wc have 
J>cen in these iiatients by getting rid of a stone-bearing gall bladder in which 
there may have been an anginal syndrome There have been several dramatic 
vesuUs by removing a stone-bearing gall bladder. The Avoman in whom Ave 
produced the complete heart block by traction on the gall bladder had had an- 
gina pectoris for years. One year before surgery she had an anterior infarction 
und she had this stonc-bcaring gall bladder. She could hardly walk a block 
without using five or six nitroglycerine tablets. Her immediate remark post- 
operatively was that her chest felt better than it hud in years. I understand 
she can walk a block at ordinarj' pace without any pain. I do not think gall 
bladder surgery is going to cure all of the patients entirely. I think if the 
patient referred to .should walk fast enough wdth a full stomach and against a 
cold head wind slie will get the pain. Tiie pain is minimized and she feels 
better. She is not having any more gall bladder colics. 

GENESIS OF CRUSH SYNDRO:\rE* 

A. C. ConcOKAN, 5I.D., and Ikvixk H. Pa(;e, jM.D. 

IXDIAXAFOLLS, InD. 

A state which resembles that clinically described as crush syndrome may 
be produced in rats by intravenou.s injection of mctam3’Oglobin after release of 
oompre.s.sion from one crushed hindlimfa. This renal injuiy is apparentlj' of 
dual origin, arising (a) in renal vasoconstrietivc ischemia, which follows skeletal 
Irauma (Corcoran; Taylor, and. Page, Ann. Surg., 1943), and (b) in intra- 
bibular, possibly intracellular, deposition of inetamyoglobin and release of 

^lematin. 

The means of treatment suggested bj' this concept of the genesis of crush 
syndrome were explored. Intravenous injection of sodium bicarbonate or citrate, 
^ew’hc re recommended, was found to be contraindicated. Varying degrees of 

Of SclIJki? ^-as done under contract with the Committee on Medical Research. Office 

•enUfic Research and Development. 
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protection were obtained by (a) injection of diuretics — such as sucrose, man- 
itol, or sodium sulfate, (b) application of a compression bandage to the limb 
after I’elease of crush, and (c) injection of a colloidal plasma substitute, such 
as gelatin alone, or, better, in 31/6 sodium lactate. The most satisfying results, 
as shown in the prevention of mortality and of renal functional and structural 
impairment, followed use of a combined treatment in which a pressure bandage 
was applied to the crushed limb and gelatin in sodium lactate injected intra- 
venously, 

BISCUSSION 

Dr. P. K. Knoefel, Louisville, Ky. — The application of a tourniquet would 
lead to reduction in circulating blood volume which would undoubtedly reduce 
the local blood flow per se and cause vasoconstriction. That might serve as an 
explanation without introducing anj^ circulatory substance. I would like to 
ask for an explanation of how that eonld be ruled out. 

Question. — What do you mean bj' compression bandage? 

Dr. Corcoran (closing). — The compression bandage we used was designed 
by Doctors Taylor and Page. It is of an elastic weave and is permeated with an 
extensible plastic. It was applied spirally from toes to groin after release of the 
crushing cords and left in place thei’eafter. 

The basis for its use lies in the fact that the renal ischemia elicitable by 
pai:tially occluding limb tourniquets is almost entirely prevented by prior ap- 
plication of snug plaster encasements. This ischemia is only very incompletely 
relieved or prevented by renal denervation or by transfusion of large vohmies 
of blood. Its onset is associated with the appearance in plasma of a substance 
which causes vasoconstriction of the isolated rabbit’s ear. It seems likely that 
this vasoconstrictor is the major cause of renal ischemia in skeletal trauma. Its 
release'from the site of injury is inhibited by snug plaster encasements : thus, 
the compression bandage used was intended to prevent renal ischemia and the 
gelatin-lactate solution to restore plasma and interstitial fluid volume^ and 
initiate diuresis. The two etiologic factors of crush syndrome were thus simul- 
taneously attacked. 

EVALUATION OP PECTIN AND GELATIN SOLUTIONS USED IN THE 
TREAT3IENT OF SHOCK: HISTOLOGIC CHANGES PRODUCED 
IN THE HUMAN BEING 

Hans Popper, M.D.* (By Invitation), Bruno W. Volk, 3I.D.* 

(By Invitation), ILvrl A. Meyer, 3I.D. (By Invitation), 

Donald D. Kozoll, 3I.D. (By Invitation), and 
Frederick W. Steigmann, M.D.* 

Chicago, III. 

A comparison of the effects of 257 liters of gelatin given to 162 patients 
and of 235 liters of pectin given to 155 patients was made from a therapeutic, 
hemodilution, hematologic, and histologic point of view. Approximately half o 
the patients were in shock and the otliers ivere hospital controls. 

Previous work has shown an abnost identical effectiveness of similar quan- 
tities of both these solutions in the treatment of patients with shock produce 
by a variety of causes despite a marked difference in chemical nature, concen 


At present in service with the Armed Forces. 
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(ration, and pliysical cliaraotonstics. Fiirtlicruiorc, l)Otli produced a comparable 
lioinodilulion in regard to degree, duration, and n relative leveling oft’ of hemo- 
dilution witli larger doses. Tliis leveling off (or decrea.sing Iicraodiintion witli 
increasing amounts of tlie solution) is more niarl;ed in patients uith anemia or 
liypoproteincmia. The )i.vpothesis is suggested tliat tlie licmodilntion is started 
by the inacroinoleeular .solution but niaiiitaiiiod by otlier substances, possibly 
mobilizable ti.ssuc proteins. 

The increase of tlie .sediinentation rate was selected as an c.xample of tbc 
lieniatologic changes. It was of similar degree with both pectin and gelatin 
and .showed the .same tendeney to level oft* with higher doses. 

The two substances differed decisively in the iirodnction of ti.ssuc changes 
as observed from the necropsies of twelve jiatients given gelatin and ten patients 
given jicctin at varying intervals jirior to death and from the liver biopsies of 
eight patients, four of whom were given pectin and four gelatin prior to opera- 
tion. Gelatin produced only a transient vacuolization of the proximal con- 
voluted tubules of the Itidney similar to that seen after sucrose. In four of 
ton patients who received rather large amounts of pectin, splenomegaly was 
produced. Histologically, the deposition of a peculiar material in the reticulo- 
endothelial cells of the spleen, Kupfer cells of the liver, glomerular tufts of the 
Wdney, and alveolar cells of the lung was prominent. Vacuolization of the epi- 
thelium, endothelial cell proliferation, giant cell formation, and hyalinization of 
renal glomeruli were seen. Although it is difllcult to identify this material 
chemically, it does stain with ruthenium red, a dye used for the staining of 
pectin. It resembles amyloid in deposition but not in staining reaction. The 
same picture was reproduced in five rabbits given varying amounts of pectin; 
rabbits receiving gelatin .shotved insignificant changes. These findings indicate 
that pectin is a rctieulo-endothelial irritant while gelatin docs not ijrodnee tissue 

reaction. 

m.SCUKSION 

Dr. CTiaki.ey J. SsivTir, Eloi.se, Mich. — I think that Doctor Popper’s ])resen- 
tation is very important because it shows the limitations and the potential dangers 
af pectin administered intravenously. About two years ago at the Eloise Hos- 
pital, Detroit, Mich., we undertook a study to evaluate the various substances 
advocated for use in the treatment of patients in shock. Through the courtesy 
of Doctor Frank Hartman, of the Hem-y Ford Hospital, we obtained some pectin 
which was used to study its iniluence on the plasma volume of normal human 
aubjects. In these investigations Evans’ blue dye No. 1824 was used. In 
each of five patients in whom we injected pectin and the dye a generalized 
purpuric eraption occurred appro.ximately' nine days following the injection. 
In similar studies using 5 per cent gelatin (Upjohn) in which both gelatin and 
the dye were used we observed no untoward effects. In addition, we have treated 
|ipproximately 1.50 patients with 5 per cent gelatin in an attempt to evaluate 
fts effect in controlling shock in patients undergoing surgical operations, and 
111 none of them have we seen any deleterious reactions which we could attribute 
‘u gelatin. 

Dr. Kozoll (closing).— I can only confirm what Doctor Smyth said about 
the eruption. In three patients who received .5,000 c.c. or more of pectin in 
divided doses, we saw this hemorrhagic macular rash over the extensor surface 
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of the extremities and no dye was administered. It appeared to ns that possibly 
this occurrence with Evans’ dye was coincidental. The patients did not present 
any hematologic changes and the rash was of no significance. 

CHANGES IN THE TREATMENT OF TOXIC GOITER 
PRODUCED BY THIOURACIL 

W. 0. Thompson, M.D., and P. K. Thompson, M.D. (By Invitation) 

Chicago, III. 

jMost of what has been written on the treatment of toxic goiter up to the 
present time is out of date. Data thus far available appear to warrant the 
following conclusions : 

1. In most patients with toxic goiter, thiouracil, when administered in 
proper doses, will cause a reduction in basal metabolism to within normal limits 
and maintain it there indefinitely. 

2. In some patients, after the basal metabolism has been maintained at the 
normal level for six months or more by the administration of thiouracil the 
drug may be omitted without any increase in basal metabolism occurring. 

3. It, therefore, appears probable that in patients who are not hyper- 
sensitive to the drug and who do not develop serious toxic reactions, toxic goiter 
may be treated by the administration of thiouracil alone. It will, of course, 
take several more years to determine the precise status of the drug with regard 
to the actual percentage of cures and the presence or absence of untoward late 
complications. 

4. When surgical measures are employed, the drug is of great value in 
preoperative preparation, particularly in patients who have the disease in a very 
severe form and cannot be prepared by the various measures commonly em- 
ployed before the introduction of thiouracil. In nearly all such patients who 
are not hypersensitive to the drug long periods of liospitalization before opera- 
tion may be avoided by its administration, 

UNUSUAL REACTIONS FOLLOWING THE USE OP THIOURACIL 

Samuel P. Haines, M.D., and P. Raymond Keating, Jr., jM.D. (By Invitation) 

Rochester, Minn. 

This report deals with two patients with severe recurrent exophthalmic goiter 
who were treated with thiouracil. In both instances the thyroid gland was not 
palpably enlarged but symptoms of hyperthyroidism were severe and the basal 
metabolic rate was greatlj’' elevated. In each ease the administration of thio- 
uracil was followed after several days by diminution of the signs and symptoms 
of hyperthyroidism and by lowering of the basal metabolic rate. Transient 
painful swellings of subcutaneous tissues occurred; at the same time, the value 
for the plasma chloride was increased and the carbon dioxide combining powei 
of the plasma was decreased. In one patient, myoclonic contractions of various 
muscles, more particularly of the facial muscles, occurred, and at the same time 
severe somnolence and confusion were present. The myoclonic twitchings per- 
sisted for several days after the administration of thiouracil was stopped. Sub- 
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sequent uilmiuistratiuii of the tlru^ on two sepai'iite occasions was followed 
rapidly by a resumption of the untoward symptoms and signs. In the other 
patient, a similar stale of somnolence and mental confusion occurred during a 
second period of administration of the drug. It is felt that these reactions 
probably were dependent niion a toxic disturbance of the central nervous system. 

Since the i>re.sciit:itiun of tliis inaper, a reaction similar to tlie foregoiag lias been pro- 
, laced in one of these paliciua by the ndministtntion of an inert substance. This laises a 
queslioa as to tlio exact cause of the previous renctions in both patients, ihirtlicr study in 
aa attempt to determino more of tlie nature of tlio renctioim is being curried out. 

DISCUSSION 

Dr. il. A. Bucnkenhoun, Cincinnati, Ohio. — I would lilcc to ask Doctor 
Tlioiiip.sou to elaborate a little mure on the maiiageineiit of the patients in addi- 
tion to the drug therapy. In the older days when surgical and medical methods 
were compared, it was often sitown that the eircnmstances under which the 
patient had to live during the iicriod of medical management had a ps.vclio- 
logically had cll'cet while that with surgery was psychologically good. Would 
Doctor Tiioraiisou describe the other eircumslimces? 

Dit. G. C. Sturgis, Amt Arbor, JUch. — This treatment has hecu instituted 
in all patients with toxic goiter on the nicdioal wards of the University of Jlichi- 
gan Hospital. To date, ahout tliirty patients have heeti observed and followed 
long enottgh to judge the immediate results. Without exception all have had a 
(lecreaso iu the basal metaholie rate and other gratifying evidences of improve- 
ment. Jly experioiieo, therefore, agrees that its tlieraiieutic effects are most 
promising. 

Three of our patients liad a Icucopcnia and an additional one a febrile 
reaction. Associated symptoms, wlieu pieseiit, were mild, and in all instances 
the drug was resumed without incident after it liad been discontinued for a 
few days. Tentatively, we Itolieve that untoward symptoms are most likely to 
occur soon after the treatment is begun, but they may appear after tlie therapy 
lias been given for a long time. 

Some surgeons complain tliat following thiourncil tlierapy the thyroid gland 
develops increased vascularity wiiieli causes excessive bleeding if the patient is 
operated upon. Tliis may ho averted, however, if iodine is also given for two 
weeks prior to the operation. Oeca.sionally, malignancy may develop in a patient 
'Dill a toxic adenoma during tlie coui-se of treatment, as it did in one of our 
patients. 

Dr. JIaiitin Goldner, Cliicago, 111. — ily observations at the University of 
Chicago are based on a series of about twelve patients. Those were patients 
that hod refused operation and liad undergone a relapse. All those had proved 
to he iodine-resLstant. On the basis of these observations we can confirm Doc- 
tor Thompson’s observations on the effect of tlie drug. In our uncomplicated 
cases we found that one month, two months, or three months of treatment is 
nece^ary. Also we have seen a liigli percentage of toxic complications — I would 
say in about 30 per cent of our patients, which is quite a number in a small 
group. Three or four showed toxic symptoms. There was a severe toxic psy- 
chosis in one patient. After treatment of about one montli in the dosage recom- 
®cnded, there were no organic findings and no changes in tlie blood count, 
ihe second patient was regarded as already toxic with a generalized adenopathy, 
ih'-s patient was treated with the same dose for tliree weeks and developed 
lever and generalized swclluig of tlie lymph glands around the neck. The drug 
"as discontinued. In three davs the high temperature decreased and the swelling 
of the glands disappeared. After one week the same dose was repeated and 
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the same sym})toms occurred. An interestin'; ohservation was that patients 
who proved to be iodine-resistant after thioiiracil treatment responded to iodine. 

Dk, 0. T. Ev.vns, innnea]Jolis, ilinn. — I would like to report on a series of 
twenty-six eases at tlie Univereity of ilinnesota Hospitals. For the most part, 
the results have been very gratifyin.u. However, five toxie reactions were ob- 
served. One was a severe rash. In another patient with marked leucopenia we 
saw’ the neutrophiles go from over 1,000 to under 100 in a two-day period; 
although the drug was stopped, this lasted into tlio fourth day thereafter. Unless 
counts are made freciuently, reactions like this will not be caught in time. A 
toxic manifestation which has not received much attention is spontaneous pur- 
pura. This occurred in one i)atient. In two suhscciuent patients the cuff test 
was routinely done and became markedly jiositive under thiouraeil therapy. 
Wo believe that observations of bleeding tendency will need attention in the 
administration of this drug. 

Dk. r.vcn II. Noth, Detroit, ilich. — We noticed .severe cerebral toxic mani- 
festations followed by exitus apparently due to thiourea in a Negro man 40 
years of age who suffered from a nodular goiter will) a.s.soeiated tliyrotoxic heart 
disease. The cardiac failure was controlled by rest and digitalis. Variable 
glycosuria and fasting- blood sugar levehs ranging between IIS and 14S ing./lOO 
c.e. were attributed tentatively to the hyiierthyroidism. On the twenty-fifth 
day following admission thiourea was administered orally in a do.se of 1 Gni. 
every sLx hom-s. I’Tve days later the patient appeared weak and complained of 
dizzine.ss. Tlie next day he vomited on one occasion. That evening he became 
irrational, rcstle.s,s, semicomato.se, and incontinent. Ixcspi rat ions were shallow 
and rapid. The thiourea was di.seontinned. The level of blood sugar increased 
to 396 mg./lOO c.e. and the blood urea to 7!) mg./lOO e.c., but the CO; combiu- 
ing power showed only a moderate reduction to 36 vol. ])er cent. Leucocytes of 
the blood numbered 13,800. The lack of clinical and laboratory evidences ot 
diabetic acidosis excluded this as tlu' cause of his symptom.s. Therapy consisted 
of the usual measures for control of diabetes. The blood sugar level fell sUgbtly 
and the CO; combining power remained at about the .same level. The patient .s 
mental state did not change and he died two days later. 

Another patient witii hyperthyroidism and liialieles showed an otherwise 
unexplained rise of blood sugar following administration of thiourea. 

Dk. W. H. Bunx, Youngstown. Ohio. — We have twenty patients who ImY 
taken thiouraeil. Our e.xperienee has been very mucii tlie same as tiiose eded- 
We have had one patient who developed severe .jaundiee. The pharnmccutieal 
house that sent us our supply of thiouraeil told us they liad had other cases ot 
jaundice reported. 

Our plan has been to stop iodine while lliiouracil is being given because d 
seems to .slow its effect. For the surgeon’s henefit we give iodine for ten do.'-’’ 
before operation in fairly large do.se.s. Tlie gland “linns” up and there is no 
trouble from exeessive bleeding. 

Du. W. 0. TU031F.S0N, Cliieago, 111.— So far a.s the p.syehologie factom m 
the production of toxie goiter arc coiieerucd, it seems to me these are 
important in most instances and have been greatly overdone. -gU 

disease is not psychogenic in origin. There may be occa.sional instances m 
.some unusual psychic trauma seems to set oft’ the disease. By and large, no 
ever, it is a chemical disturbance. Psychiatrists have developed a great ‘ 
of peculiar explanations for many diseased states. After reading some ot 
explanations one is almost forced to the conclusion that they belong in 
realm of stargazing. As our knowledge increases w’C must conclude 
diseased states can he explained by organic or chemical alterations in tno 
Please do not misunderstand me;l am not claiming that all psychiatrists aie 
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;razcrs, but in the past tliorc has been some tendency ni this direction, I am 
very liappy to see tliat one of the most important recent advances in the field 
of ])sycliiatiy is an effort to correlate mental and emotional changes with organic 
and chemical changes in the central and sympathetic nervous systems. 

The jmlsc rate follows the basal metaixili.sm and actually shows tlie same 
change that it does following a reduction in metabolism from any other cause. 
So far as we eaii tell, when the melabolisni has heeii reduced by thiouracil ad- 
ministration, the clinical condition of the patient is exactly the same as when 
tlie basal metabolism has been restored to iioriiiai liy removal of the gland. 

One word about lo.xic reactions This, of coui*se, is a drug not to be used 
indisoriminalcly; it is still in the experimental stage, and it is still not available 
coninioi'cially. It will take two or three yeai-s imu’c to determine its precise 
status. Some patients liave a definite .sensiti\itv to the drug. One woman, fol- 
lowing a single dose of 0.1 Gm., showetl an inerease in temperature to 103° F. 
with ])ain in the legs, diarrhea, nausea, and \oinitiug That phenomenon was 
repeated twice. If we liad ])ei*sisled in the admmistration of the drug to that 
patient, the result might have been fatal. It is wise to nivc an initial dose of 
0.1 Clm. to see if there is any sen.sitivity. The patient afterward must be fol- 
lowed witli great eare. "White eomils must be taken at frequent intervals. In 
spite of all tlieso toxic reactions, it seems to me tliat tlie inlroduetion of thioura- 
C’i! represcnt.s a very great step forward ami provides us with an important clue 
as to what is going on in toxic goiter. 

Ph. Ke.vtin(} (closing). — We have been impressed with the fact that toxic 
I'cuetious may take place at any time. We have observed them as early as twelve 
days after treatment with tliiouraeil has been begun and encountered a severe 
toxic rash and fever in one imtient who Iiad been taking thiouracil for five and 
oiic-half montlis. The fact that several montiis have passed does not permit 
the doctor to relax his caution. 

A ])oint wliieli has not been empliasizeil is llu* possibility of postoperative 
Pi’ises in patients iiuide(iuately prepared for sui-gery witli thiouracil. We have 
Hot encountered any, Imt such reactions have been mentioned by some w’orkors. 
Wo feel tliere is a serious risk in a.ssuming that tliiouraeil and iodine act iden- 
tically in the prejiaration of patients for surgery. Patients with exophthalmic 
h'oiter who have been given iodine may soinclimcs he operated on wdth com- 
parative .safety while the basal metabolic rate is still elevated. Until more is 
known about it, I feel tliat it is hazardous to assume that this is the case in 
patients prepared for surgery witli thiouracil. 

the upper limits op heat and humidity tolerated by 

ACCLI.MATIZED MEN WORKING IN HOT ENVIRONJIENTS'' 

JIajou Willia:u B. Bean, 5L\jou Luuwkj W. Eiciina (By Invitation), 

AND IHajou William F. Asm-: (Bv Invitation) 

Medic*vl Corps, Army op the United States 

Definiug the environmental ceiling for work in the Iieat is a complex problem. 
One must control state of acclimatization, nature of environment, work, fitness, 
iind morale of the subjects, tlieir clothing, diet, and salt and water intake. The 
condition of the men during and after work and its **eost ’ to the subject in 
lerms of physiologic disturbances indicate the upper limits. Because of many 
possible combinations of heat, humidity, wind, radiation, work, and clothing, an 
arbitrary set of conditions was chosen for investigation. Tfiirteeii healthy young 
troops were first acclimatized to dry and moist heat. Tliey tlien 

•fTom tlio Armored Medical Kescaich Laboratoo', Fort Knox, Ky. 
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worked in fourteen enviroiinients aiiproaching and exceeding tolerable environ- 
mental limits for work. The environments varied only in dry and wet bulb 
temperatures; no radiant energy was supplied. Air movement was that created 
bj' the unclothed men walking single file at three miles per hour around the 
laboratory hot room on a seventy-seven foot track, carrying a twenty-pound 
pack. The work consisted of walking continuously for four liouns. The energy 
e.xpenditure was approximately 300 calories per hour. Water salted to 0.1 
per cent was given when requested and replacement of that lo.st as sweat was 
urged. Data were obtained for various combinations of D.B.T.* between 93 and 
121° F. and W.B.T.f 90 and 96° F. and the conchisions ajiply only to this range 
of environments. 

The W.B.T. is the important limiting factor determining the ability of 
men to work in hot environments. The D.B.T has a minor influence. The 
limiting W.B.T. is approximately 2° F. higher at a D.B.T. of 100° F. than at 
120° P. 

Near the upper limits, the range of W.B.T. from an environment in which 
men work with “relative ea.se” to one in which work is “impossible,” is very 
narrow: 4 to 5° P. for a given D.B.T. 

Below a W.B.T. of 91° F. men work easily and efiiclently. 

Between W.B.T. of 91° and 94° F. men can woi:k but with difliculty, loss 
of vigor and alcrtne.s.s, and undesirable physiologic changes. 

At W.B.T. of 94° P. and higher, le.ss than an hour of sustained work is 
possible; acute disability with marked jibysiologic changes occurs. 

Near the upper limits sweating averaged 2.i> liters per hour and reached 
3.5 liters in some men. 

Undesirable physiologic changes encountered near the uiiper limits include: 
(1) Heart rates of 150 to ISO; (2) rectal temperatures of 102 to 103.5° P.; 
(3) average (weighted) .skin temi)eratures aiiproaching 101° F.; and (4) violent 
and protracted headache, nausea, coi)ious vomiting, abdominal cramps, severe 
wealniess, vertigo, dyspnea, pare.sthesias, stumbling, disorientation, and collap.se 
with syncope. 

HETABOLIC; AUCtLLAlATIZATION TO TROFK.'AL HEAT 

C. A. JIiLLs, iVl.D. 

Ci.NTciNN.vri, Ohio 

With the large military forces now seeing enforced activity in regions of 
tropical moist heat, it is especially important that most careful consideration 
be given to the effects such heat may exert. Unfortunately, several recent 
articles from investigatoi’s engaged in government-sponsored research pro,]ects 
have presented an incomplete and erroneous picture of what may be c.xpected 
in such acclimatization. While vasomotor adajitation to hot environments is 
usually complete after three to five days of exposure, all studies have tended 
to indicate that metabolic acclimatization takes place much more slowly that 
it begins late in the second week of continuous exposure and is largely accom- 
plished by the end of the third week. 


•D.B.T., Dry bulb temperature. 
fW.B.T., AVet bulb temperature. 
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Previously piiblislicd and new evidence will be iiresented to prove the 
existence of this two- to three-week lajj in inetabolu’ adaptation and to deal 
paiticularly with the iinestion of heightened thiainiiio and choline needs in 
tropical heat. New studies have shown that the heightened need for these two 
factore continues even when the diets contain 0.5 per cent sulfaguanidine; 
hence, heat depression of intestinal synthesis cannot account for the findings. 

The heightened need in tropical heat is most emphatic for choline. Ainmals 
on choline-free diets in the heat and cold show no ditferenee during the first 
week, and during the first half of the second week acute hemorrhagic nephritis 
eaiises an eipial number of deaths in the two environments. After the second 
week, however, growth in the cold goe.s on practically as well without as with 
eholine in the diet, while in the heat, growth is sharply aft’ccted. 

Johnson, Taylor, Keys, and Holt have claimed that animal findings fail 
to hold for man and that human tropical needs are not different from those 
of temperate climates. However, all their pulilished data were based upon' 
only a few hours to a few days of heat exposure and provide no just basis for 
any deductions whatever regarding nutritional needs in the continuous moist 
heat of tro|)ical lowlands. Human studies along this line must take into account 
the two- to three-week lag in metahulle aeelimatization. 

THE NEUnOVASOULAR .SYNDROJIE PRODUCtED BY 
HYPERABDUCTION OF THE ARMS 

The Immeuiatf. Chanue.s PnontJOED in 150 Nor-mal Fontrols and the Effects 
IS Certain lNuiviPUAr.s of Prolonged Hyperarpittion as in Sleeping 

COI.ONEL IllVINIi S. WrIOHT“ 

JIedioai. Corps, Army of the United States 
(Introduced uy Theodore R. Van Dei.len, II.D.) 

Patients have been observed who have devclojicd numbness, parethesias, 
trophic changes, and even gangi-cnc of the tips of the fingers as a result of 
prolonged hyperabduction of the arms. In these patients, the hyperabduction 
was produced by sleeping or working with the arms in that position. Studies 
ruled out Raynaud’s .syndrome, thromboangiitis obliterans, intrinsic and ex- 
IriiLsic tumor of the cervical cord, ruptured nucleus pulposus in the cervical 
area, infectious polyneuritis, ulnar and median nerve injury, cervical rib and 
.scalenus anticus syndrome. 

It was demonstrated that hypcrabduction of the arms in the position 
described resulted in obliteration of the arterial pulse. The ipiestion was raised 
as to whether this constituted a normal or an abnormal finding. Investigation 
;n 150 young adults revealed that obliteration of the pulse could be produced 
>a each arm in appro.ximately 83 per cent of individuals. This could be easily 
demonstrated in 63 per cent. 

The mechanisms playing the most important part are believed to be the 
stretching of the brachial plexus and the subclavian axillary vessels under the 
coracoid process with some degree of pinehiiig produced by tightening of the 
Pcctoralis minor muscle, and pinching of the vessels and nerves between the 

•Consultant In Medicine Headauarters 6tli S. C.. Cliicaso. 111. 
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('laviele and the first ril>. Ivitlier or a foniliiiiaiioii of lioth ineciianisins may 
])roduee this syiidromo. These arc not ahnorinal but normal anatomic arrange- 
ments occurring in the majority of individuals hut capable of producing a 
pathologic syndrome after prolonged liyperabduetion of tlie arms. It is to be 
clearly differentiated from the cervical rib and scalenus anticus s.nidrome. 


DISCUSSION 


Lieutenant Colonel Ford Hick, Galesburg, lU. — 1 would like to ask 
whether there was any venous eomi>re.ssion. 

Dit. JI. A. Blankenhoun, Cincinnati, Ohio. — T. Wingate Todd, late Pro- 
fessor of Anatomy at Western Be.servc University, produced gangrene of the 
fingers by tying his arm to the bedpost. Since then none of his colleagues and 
students has reported that this condition occurs .spontaneously. I have not seen 
it. T wonder whether there was .something in the matter of soldiers' training 
or .sleeping that jircdisposed to tiiis. 

Colonel Wmear (closing). — In answer to the first (luestion, the venous 
compression in a few individuals is (juite ]n'onounced; in most it is not an 
imiiortant feature. We find certain individuals in whom the pulse cannot be 
occluded by this jmsition but who doveloi) paresthesias as a result of pinching 
of the nerves. In other individuals the obliteration of the pulse seems to be 
the predominant factor. 'I’he veins seem to he able to eoinpensate and to 
maintain the ability to drain the exlreniity of blood. There are adeiiuatc eoi- 
laleral veins for that purpo.se, especially with the arterial How -so markedly 
reduced. 

I am very nuieh interested in tlie oliscrvations of Todd. We liavo been 
searching the literature for further information in reference to this syndrome 
and have found very little. The first person to develop gangrene in our series 
was a civilian who started to .sleep with the hands in an hyperahducted position 
two months before the onset of symptoms. He slept very’ Iieavily and never 
associated his .symptoms with sleeping. Ho went on to the point where be 
developed gangrene of tiie tips of the fingers hiiaterally, lie failed to respond 
to the usual forms of theraijy until the relation to posture was called to Ins 
attention. By tying the arms loo.scly to the bedpost at the foot of the bed be 
changed ids sleeping position and made a rather prompt iveovery. 

The answer relative to soldiers is very interesting. 'I'liere are many soldiers 
who reacli a point of e.xhaustion the like of which they liave never cneountered 
in civil life. I have been observing these boys for two years. They come m, 
throw themselves down in an exhausted state, some with their arms byiier- 
abdueted, iu which position there is enougli piueliing to iiroduce iiaresthesias. 
If they prolong the pinching the paresthesias may persist the next day. Over 
a period of time this produces an accumulative eifeet. 'reaching them to sleep 
with their arms down has freed them of symptomatology hut iu .some instances 
it has taken as long as three or foui' weeks. 
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CAK01N0:\IA OF TIIF LUNG WITH NONilALlONANT PLEUKAb 
EFFUSION; RECOVERY BY FNEUJIONECTOMY 

Ali’Iikd Goedmvx, Jr.l) 

St. Louis, JIo 

Tile presence of a pleural effusion in as.MM‘iali<jn witli a l)roiichioy:einc car- 
cinoma is usually considered as a eontraindicaliun to successful operation. 
Tumor cells can be demonstrated in malijrnant tluids in approximately 50 to 
60 per cent of the cases by the section sediment metiiod of Mandelbaum. It 
is usually assumed, 'therefore, that even thoii'rh fliese cells cannot he demon- 
strated, sucli pleural effusions arc eaiieerous and the patient is therefore doomecl. 
Tiiat large nonnialignant jileural effusions may occur witli carcinoma of the 
lung is exemplified by the following case. 

The patient, a man 50 years of age, Iiad a hroncliiogenie carcinoma of the 
left lung associated with a large left scrosainruinous jileiiral effusion. Study 
of the tluid sliowed no tumor cells, but the presence of a moderate number of 
polyniorphonuelears suggested tliat a secondary uitlammatory lesion was prob- 
ably iirescnt. Pneumonectomy was .successfully performed by Doctor J. L. JIudd. 
The lung showed no sign of pleural involvement. The patient shows no evidence 
of recurrence of the tumor after eighteen months. 

THE ASSOCIATION OF PEIUARTEUITiS NODOSA, BRONCHIAL 
ASTIL^LV, AND HYPEREOSINOPHILIA 

ICeith S. Wil-Sox, JI.D. (By Invitation), and H. L Ai-kxander, il.D. 

St. Louis, JIo 

The triad of iicriarteritis iiodo.sa, bronchial asthma, and hyporeosiuophilia 
was encountered sufficiently often to invite imiuiry. Rackemann and Greene 
iu 1939 assembled 237 refci'ciices to periarteritis nodosa and foimd twenty- 
seven cases of bronchial astlima — most of which were accompanied by a liypei- 
eosinophilia. We rcview'ed 300 consecutive cases of periarteritis nodosa proved 
by tissue section, beginning with tlic first reported instance of associated asthma 
in 1914. It is of interest that during the four yeai-s of 1940 tlirougli 1943, 
over 150 references to periarteritis nodosa were found with twenty-seven cases 
of asthma—exactly the same number as in Rackemann and Greene’s report 
that embraced the previous seventy-three years. Thus, there were Mty-foui 
instances of broncliial asthma and periarteritis nodosa in 300 cases, an incidence 
of 18 per cent. This is doubtless an underestimate since several typical cases 
were encountered but not proved by tissue section. 

Of the fifty-four patients with astlima, the onset of paroxysms antedated 
the symptoms of periarteritis in all but three. However, the onset of astlima 
was much later than is usual in tl'iat less than 15 per cent began their attacks 
during the first two decades, whereas some 70 per cent of patients with asthma 
have their fii-st symptoms before the age of 21 years. In but few eases could 
extrinsic allergens as foods, pollens, etc., be identified as etiologic factors. As 
a rule, paroxysms were severe. These facts identify most cases as nonatopic 
or “intrinsic asthma” as distinguished from the atopic tj-pe m which an 
immunologic mechanism can be identified. 



360 


CENTRAL SOCIETY FOR CLINICAL KESILIRCH 


clavicle and the first rib. Either or a comhination of both mechanisms may 
produce this sjmdrome. These are not abnormal but normal anatomic arrange- 
ments occurring in the majority of individuals but capable of producing a 
pathologic syndrome after prolonged hyperabduction of the arms. It is to be 
cleai’ly differentiated from the cervical rib and scalenus anticus syndrome. 

DISCUSSION 

Lieutenant Colonel Ford Hick, Galesburg, 111. — I would like to ask 
whether there was any venous compression. 

Dr. M. a. Blankenhorn, Cineinnati, Ohio. — T. Wingate Todd, late Pro- 
fessor of Anatomy at Western Reserve University, produced gangrene of the 
fingers by tying his arm to the bedpost. Since then none of his colleagues and 
students has reported that this condition occurs spontaneously. I have not seen 
it. I wonder whether there was something in the matter of soldiers’ training 
or sleeping that predisposed to this. 

Colonel Wright (closing). — In answer to the first cpiestion, the venous 
compression in a few individuals is quite pronounced; in most it is not an 
important feature. We find certain individuals in whom the pulse cannot be 
occluded by this position Iiut who develop paresthesias as a result of pinching 
of the nerves. In other individuals the obliteration of the pulse seems to be 
the predominant factor. The veins seem to be able to compensate and to 
maintain the ability to drain the extremity of blood. There are adequate col- 
lateral veins for that purpose, especially with the arterial flow so markedly 
reduced. 

I am very much interested in the observations of Todd. We have been 
searching the literature for further information in reference to this symdrome 
and have found very little. The first person to develop gangrene in our series 
was a civilian who started to sleep until the hands in an hyperabdueted position 
two months before the onset of symptoms. He slept very heavily and never 
associated his symptoms with sleeping. He went on to the point wliere he 
developed gangrene of the tips of the fingers bilaterally. He failed to respond 
to the usual forms of therapy until the relation to posture was called to Ins 
attention. By tying the aims loosely^ to the bedpost at the foot of the bed he 
changed his sleeping position and made a rather prompt recovery. 

The answer relative to soldiers is very interesting. There are many' soldiers 
who reach a point of exhaustion the like of which they'- have never encountered 
in civil life. I have been obsermng these boys for two years. They come in, 
throw themselves domi in an exliausted state, some with their arms hyper- 
ahducted, in which position there is enough pinching to produce parestli^ms. 
If they prolong the pinching the paresthesias may persist the next day. Ovei 
a period of time this produces an accumulative effect. Teaching them to sleep 
witli their arms down has freed them of symiptomatology' but in some instances 
it bas taken as long as three or four weeks. 
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Dk. ^^\iLSON (closing). — Lt. Col. Johnson McGuire’s remarks on hyper- 
cosinophilia and asthma are very intercstiiiff. Tlie nature and significance of 
the eosinophilia is unknown. 

Tlic cases of periarteritis nodosa that no studied in tlie literature were 
selected because tlicy were i)rovcd in practically all instances by biopsy or post- 
mortem findings. Usually biop.sy is necessary to clincli the diagnosis of peri- 
arteritis nodosa in the living patient. 

The patients^ needless to say, were critically examined to be sure the asthma 
\va.s not due to cardiac conditions such as hypertension. We did not analyze 
the cases for the incidence of hypertension. In a disease that affects the arterial 
system so extensively, high incidence of hypertension would not be surprising. 
Elevated blood in'o.ssnrc is found in the patients in wliom tlie renal vessels are 
extensively damaged. Raekcmann and Greene® make no mention of the blood 
pressure in tlieir eight patients, ilarkavvt. who is intcre.sted in cardiac niani- 
rcstation.s a.s ivell as allergy, gives the blood pressun’ as normal or does not 
mention it. 

It i.s to be emphasized that the true cause of periarteritis nodosa is not 
Iniown. Hypersensitivity is offered as one of the mechanisms of its production 
because of the rather high incidence of allergic plienomcna in the cases found 
lu the literature. The triad deseribed is only one syndrome of a disease that 
produces widespread ti.ssuc reaction and vascular damage. The diagnosis in 
many ca.ses is .still dependent on evidenecs of vascular damage and tyiiical 
biopsy findings. NcvcrtliclcNs, the presence of allergic jibenomeiia may bo a 
further clue. 

AYe wish to emphasize tlie fact, as slated by Dr. AVat.son. that Henning and 
Kimball (piitc a while ago cmpha.sizcd that repeated diffei’ential counts must be 
made lest the cosiuoplules bo iuis.scd. Debowitz and Hunt .said that an abnormal 
count of cosinophiles may not come until late in tiu* course of the disease. In 
other words, the cosinopliilcs arc released in the bloo<l stream and then go to the 
areas affected. This release may he late. In tlwce of tlie forty-seven patients 
with asthma and porinrteriti.s nodo.sa only one count was recorded. One count 
had 6 per cent eosinophilia and the other two counts had 4 jier cent eosinophilia. 
But, a.s .stated before, tliese counts could have been liiglier during some time in the 
cour.se of the disease. 

Dr. Jl. A. Blankenhorn, Cincinnati, O. — T was much interested in the 
last question which W’us asked and not answered; namely, the incidence of hyper- 
Icnsion. 

Dr. Wilson.— O ur paper did not lake u}) the incidence of hypertension in 
Ihe analysis of these cases. I thouglit I made that point clear. 


metabogig effects of parathyroid hormone, DIHYDRO- 
TACHYSTEROL, AND CALCIFEROL IN A CASE OP 
PSEUDOHYPOPARATHYROIDISM 

Rakdall G. Spiiaguk, JLD., Samuel P. H.\ine.s, M.D., and Mauschelle II. 
Power, Ph,D. (By Invitation) 

Rochester, Minn. 


A prolonged study of the eft'ccls of parathyroid hormone, dihydrotachy- 
sferol, and calciferol on calcium, phosphorus, and nitrogen balance was carried 
'“'1 on a patient who presented the clinical features of a condition which Al- 
' niglit h as designated as pseudohypoparathyroidism. The inetaholio disturbance 


‘Trans. A. Am. Physicians 34: 112. 1939. 
tJ. Allergy 14: 507, 1943. 
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Blood counts were a-\milable in forty-seven patients with asthma. Of these, 
forty-four had a hj'^pereosinophilia i*anging from 11 to 84 per cent with an 
average of 53.5 per cent. This value is far higher than is observed in uncom- 
plicated bronchial asthma. As controls of 151 cases of periarteritis nodosa 
without asthma in which counts were available, there were nine instances of 
hjTDereosinophilia. The average eosinophile count for the group of 151 eases 
was 2.5 per cent. 

It is believed that the association of severe broncliial asthma and marked 
eosinophilia in an adult should lead to the strong suspicion of underlying 
periarteritis nodosa. 

Present knowledge of the association of periarteritis nodosa with various 
forms of allergy- are commented upon briefly'. 

DISCUSSION 

Lieutenant Colonel Johnson McGuire, Cincinnati, Ohio. — At the Cushing 
General Hospital near Boston in the past year we saw two extremely interest- 
ing cases that in many way's simulate these cases and present a relatively new 
syndrome. These were soldiers that had come from the Southwest Pacific. 
They had white counts of 65,000 and 85,000, respectively, mth 80 per cent 
eosinophiles in both instances, and severe asthma. At this time, fortunately, for 
the patients, we had encountered a paper by Kenneth Emerson of the Navy in 
which this syndrome was described as a tropical eosinophilia and the remedy 
proposed the administration of ai'senic. Muscle biopsies eliminated periarteritis 
nodosa. There were no other signs of this disorder. There were no parasit^ 
present in the stools on repeated examination. Both cases lasted six months and 
both originated in the same island. In both cases carbarsone was given ui 
small doses for a period of ten days, discontinued for a week and a second couise 
administered. Both cases became free of asthma. The blood count became 
normal, and they' were returned to duty'. Twenty' similar cases were reported 
prior to Emerson’s publication (Lancet, January, 1943). 

Colonel E. V. Allen, Eochester, Minn. — ^Will Doctor Wilson discuss the 
method of making a diagnosis in these cases ? 

Lieutenant Colonel Haroi,d C. Lueth, Evanston, 111. — At the Eesearch 
and Educational Hospital ^ve had a patient with intractable asthma in whom 
a diagnosis of periarteritis nodosa was made. This patient had a marked allergy' 
and was extremely sensitive to many substances. 

Dr. C. J. Watson, Mhmeapolis, Minn. — Hy'pereosinophilia may disappear 
suddenly- in these patients. We have just recently' seen a case exactly of this 
type, in which the leucocyte count rvas 65,000 with 60 to 80 per cent eosinophiles. 
There was epigastric pain such as we see in carcinoma of the pancreas, wmc i 
was relieved by leaning forw’ard. The diagnosis rested between Hodgkins 
disease and periarteritis nodosa. The first biopsy w’as negative. The 
one clearly- revealed periarteritis nodosa. After two months this patient 
w'hat Ave thought Avas a thrombosis Avith perforation, and free gas under 
diaphragm, Avhich he surA'h-ed temporarily. Shoi-tly after the onset ot i 
acute attack his eosinophilia completely- disappeared and never recurred, 
ieucocy-te count dropped to 12,000 Avith 1 per cent eosinophiles. If Ave had se^^ 
the patient during this latter period I am sure Ave Avould never have thoUo 
of periarteritis nodosa. 

Question. — I Avould like to ask Avhat the incidence of hy-pertension Avas m 
this series of cases. 
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often imieii lower and is not so easily ivstoivd to normal. If control is not 
sacrificed, liiglier ])ro(ein intake improves the protein ])allern and in some cases 
coincidentally tends to prevent iieinorrliages. 

Alterations in plasma proteins were studied in fifteen rabbits with alloxan 
diabetes. Eight animals made diabetic with one or two large injections of 
allo.xan maintained normal plasma proteins, and none developed retinal henior- 
rliago. Five similarly treated animals develoi)ed hemorrhages. Two animals that 
received repeated small injections of alloxan also developed hemorrhages. The 
animals showing a reduction in total protein and ])lasma albumin w^ere more apt 
to develop retinal hemorrhages. The hemorrhages usually appeared witliin one 
to three months. Tlic animal observed for the longest time had hemorrhages 
with associated reduction in plasma albumin on two occasions; a partial re- 
covery in the percentage of albumin was ob-served after each hemorrhage. After 
e.xperimental reduction in plasma albumin and subsciiuent administration of 
alloxan retinal hemorrhages appeared in from five to seven days. Retinal hemor- 
rhages occurred in one animal in spite of insulin and polyvitamin therapy. 

Ecus changes were observed in all animals. Tlie most common tj’pe of lens 
change noted wa.s peripheral lens vaeuok\s In general, these became more 
numerous and encroached upon the central area of the lens, The lens changes 
progressed in dii'cct proportion to the duration of the diabetes. The progres- 
sion occurred in .spite of insulin and vitamin therapy, Init the rate of change 
'va.s retarded. 


D1SCIT.<<.SI0N 

Du, II, T. Ricketts, Cliicago, 111. — I would like to ask wliether retinal liomor- 
fhages were found in the animals deprived of albumin williout the production of 
diabetes. Is it necessary to liavc an insulin deficiency for these lesions to de- 
velop? Second (you may liave dwelt on this point but I did not get it if you 
did), are you able to prevent tiic development of lieinorrhages liy feeding tlic 
Jinimals a high protein diet before alloxan is administered? 

Du. C. J. "Watson, ]Minneai>olis, llinn.— If I understand it correctly, it is 
your belief that the changes are related principally', but not solely, to low seriini 
albumin. Would you care to comment on the relative infrequence of diabetic 
retinitis-like changes in conditions such as chronic lipoid nephrosis ? I do not be- 
Heve I have seen changes of the type associated witli diabetic retinitis in these 
cases, even though the serum albumin w'as at very low levels for long periods. 

Du. Cecil StriivER, Cincinnati, Ohio.— I would like to ask if you can cor- 
relate the clinical observations of a very severe diabetes in a juvenile who is 
notoriously devoid of retinal changes and a relatively mild diabetes in a subject 
past 50 who is notoriously the victim of retinal changes. One is a mild, very 
easily controlled diabetic with very severe retinal and lens changes, and the other 
IS a very severe diabetic difficult to control with very little retinal or lens changes. 

Dr. Schneider (closing). — In answer to Doctor Ricketts, we believe that 
diabetes must be present first, at least it must bo present in addition to a low 
albumin. We are wondering ourselves wlietlicr a higli protein diet -will prevent 
Jhese changes. That sort of investigation is going on at the present time. It is 
interesting in that same connection that two dogs that had been on a high protein 
diet had no treatment w'hatsoever and never developed hemorrhage. The rabbits 
had been on a much low’er protein diet tliaii commonly employed in investiga- 
tion, which may have made them more susceptible to retinal hemorrhage. 
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ConeeiTiing Doctor Watson’s comment, I think the answer to that question 
is that diabetes must be present. We have gone over cases of liver disease, 
but such individuals do not have retinal hemorrhage. 

Doctor Striker, I do not think I can answer your question. I had hoped 
someone here might have been able to supply that answer. 


A TENTATIVE TEST FOE THE DIAGNOSIS OF 
PHEOCHROMOCYTOMA 


Grace kl. Roth, Ph.D., and Walter F. Kvale, M.D. (By Invitation) 

Rochester, Minn. 


Although paroxysmal hypertension attributable to pheochromocytoma has 
become a well-recognized clinical entity, its differentiation from coronary occlu- 
sion, hyperthyroidism, histaminie cephalgia, migraine, anxiety states, and per- 
sistent hypertension may be difficult. Since none of the knmvn methods of induc- 
ing attacks is dependalile and since opportunity to observe the patient in a 
spontaneous attack maj'- not present itself, a simple procedure that would induce 
attaclvs at will in these eases would be of great help in diagnosis. The response of 
fifty-one persons to intravenous injection of 0.05 mg. of histamine base suggested 
that this method might be used as a clinical test. 

Four gi’oups of persons were studied: in Group 1 were nine normal sub- 
jects; in Group 2, twenty-two hyperreaetors to the cold pressor test; in Group 3, 
sixteen patients with well-established hypertension; in Group 4, four patients 
who were suspected of having pheochromocytomas. 

In Groups 1 and 3 flushing of face and subsequent headache followed in- 
travenous injection of histamine. These symptoms wei’e mild and disappeared 
in from five to ten minutes except in one instance in which typical histanmuc 
caphalgia developed. The average elevation of blood pressure was identical ivith 
that during the cold pressor test in Group 1 and was 12 mm. of mercury systolic 
and 15 mm. diastolic less than that during the cold pressor test in Group 2. In 


Group 3 circumoral pallor appeared often and headaches frequently were severer 
and lasted longer. The average rise of blood pressure was 6 mm. systolic and 9 
mm. diastolic less than that during the cold pressor test. 

Three of the four patients in Group 4 had attacks within two minutes aftei 
injection. These were characterized by severe headache, distress throughout the 
abdomen, and later in the chest, groaning, refusal to stay on the bed, and en- 
cumoral pallor with subsequent excessive sweating. The systolic blood pressure 
rose from levels of 110 to 132 mm. to levels of 240 to 260+ mm. while tlie diastolic 
pressure rose from levels of 68 to 85 mm. to levels of 142 to 146 mm. In one case 
these heights were attained after injection of only 0.025 mg. of histamine base. 
The cold pressor, insulin, and epinephrine tests did not induce attacks in these 
three patients. At operation, pheochromocytoma was found in the adicna 
medulla of each of the three patients. After operation, when the histamine 
test was repeated, response was normal. The fourth patient in Group 4 re 
sponded noi’mally to histamine and operation did not disclose a tumor. 

Although the number of cases studied is small, the intravenous injection of 
small quantities of histamine base may be considei-ed tentatively as a clinica 
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test in .listiuguisliinK tlie .syndrome of from other clinical 

conditions. 

DisrrssioN 

WMTr-n P 1CV.U.K, Hocho.ster. Minn — Pp t" tic pu'scnl time we 
ricd out thm i«i i.i lorty-two ,.atu-nts in 

differentiate parmysmal fj ot tliese in whom an 

SpS- W renUM iw esplora.ion of th.- mlr.iml regions, no tumor was 

^nurintt the past so«n.een ^.1. 

rmmS.*’Th^au'id h.Tc"tia>> <>f 

three patients prodiuuul an at tack 0 .1. ™l t 

the patients eoinplaiiiod and y,,' ,, „,,s .iKliiced at will five 

their attacks at sueli tinie.s as n< wish A . alia 

times in one tialieut, twice in aimtln i. an pressure which prompt- 

was a marked rise of both tlie s> sKdie and ‘ ’ ' sided. 

lyreturnedtobasanevclswithintenmiiiuteswlieollu aliaiksiii,.. 

Dll. B. T, IIOUTOK, Uoehesier. Minn --do 11.3!., jj; ’ 

Dr. II. h. Alexander (tave me the 5, s-il sueli iiijection.s, 13.400 

therapeutic agent. ‘1'“.* f Hie sulg. et bidore this Kocicly a 

of which have iieeii given since 1 diviisscl iti. J 

year ago. i„<i.iniine lliut Hoctm Hath asked me to 

It \va.«j beennso ol my nileu'st in In « , iailed to pi'ccipitate 

sec Patient 1, witti paroxysmal s .is well as hv the use of insulin 

attacks by means of tlie cold pressor t.st ot lino 

and adrenalin. i„.i,.„n,iie mitaneiioiisU li> the drip method, 

I attempted to give the patient Ins l.i nmtliod Histamine proinpt- 

u-sing a 1 :250,000 dilution according to mil . . , s |)„|.tor Uotli recorded, rose 

ly precipitated an attack la.'le 1 h-avc the sanic 

to a higli level, as -she has indicated, .ti I .,(( idj developed withm 

patient 0.05 mg, ot histamine tslit from 130/110 io 280/295 

forty seconds, with a resulting "‘•j „ number of tlie men m this 

I made a tcehnieolorcd movie ot the .ilia , , .. jj p]i(,ochromocytoma, 

audience liave seen. Following surgical vem.nal ol 1 

histamine no longer prccipitate-d nressure occur following the injection 

' Why- docs a paradoxical Adrenalin are ph.vsiologic antago- 

of histamine intravenou-sly ? ^li-staim attention to Hus fact, A 

nists. Schenk, in 1?21. was am!“;;^’;;|j.J,'\fi;:ULu.sly in such a case causes a 
” •■■■*'* •«\ft”thf>hlood stream. A pulsatiufj type of head- 

'■■■■■ ' ' ■ ' ' to the sudden rise in blood pressure. This is the 

. . ., ,. . . to iim This headache need not be 

basis of the syndrome of it is -^enerahzcd, whereas Instanuuie 

confused with histaininie cephalgia, because it is ^ 

cephalgia is always unilateral. . . signs and symp- 

Histamine can be ased f ] rKrie% to ‘ho ease of a woman 

toms of other obscure tumors, t - i.^lf years’ duration, suggesting 

aged 31 years with symptoms of two “ f‘ j r intravenous injections of 
multiple sclerosis. During the eoxivf of ^entj two n^ 

histamine her symptoms became ^ „uj.,rical exploration Oct. 17. 

level of the tenth dorsal verto^ ^uf nr which was removed. She 
1944, revealed an intramedullary tumor 2 by i A ‘-■n- 

is now convaleseing. , . , ,, „.„„ii.d ,a rise in intraspinal pressure, 

How did histamine act in tins j jj ^ tumor to the extent that the 

thus c.xaggerating the pressure symptoias ot the lunioi 

obscure lesion could be diagnosed cuniea y. 
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Dr. H. Necheles, Chicago, 111. — ^We should be interested in the mechanism 
through which this effect is produced in cases of pheochromocytoma, and I won- 
der whether Doctor Both has any suggestions. It may be a carotid sinus effect, 
and the same reaction may he obtained with other procedures affecting the 
carotid sinus. 

Doctor Both mentioned an amount of 50 to 1,000 mg. of adrenalin in the 
tumor. Is that in actual milligrams? 

Dr. Both (closing). — There has been some experimental work done by 
Kellaway and Cowell who injected histamine intravenouslj^ into a nonetherized 
eat and observed transitoiy slowing of the heart, dilatation of the pupils, and 
sweating. In an animal with intact adrenals, an injection of histamine pro- 
duced dilatation of the denervated pupil. In an animal from which the entire 
adrenals or the medulla alone had been removed, the histamine caused no such 
dilatation. This was considered proof that histamine accelerated a secretion 
from the medulla of the adrenal glands. 

In regard to the carotid sinus, HjTnan and Mencher found that massage 
of the carotid sinus during the maximum rise in blood pressure caused a prompt 
decrease in the blood pressure which immediately rose when massage was 
.stopped. 

It was in actual milligrams. 

ISOIMMUNITY TO THE BH PACTOB AS A CAUSE OP BLOOD 
TBANSPUSION BEACTIONS 

El^ier L. DeGowin, M.D. 

Iowa City, Iowa 

Ever since the demonstration of isoimmunity to the Bh factor, incurred 
during pregnancj- or after multiple blood transfusions, it has been difficult to 
obtain a proper perspective on the role of this phenomenon in the production of 
transfusion reactions in a general hospital service. During a period of eighteen 
months the blood transfusions in the State University of low'a Hospitals were 
studied with respect to this problem. Suitable tests for anti-Bh agglutinins 
were made on the blood of all recipients exhibiting chills, fever, hemoglobinuria, 
or jaundice after transfusion. In 5,386 consecutive blood transfusions there 
were 186 reactions of all types, an incidence of 3.4 per cent. Of these, six were ' 
due to isoinununity to the Bh factor, an incidence of 0.1 per cent in all trans- 
fusions, many of which were given to the same recipient or to pregnant women. 
In four cases isoimmunity wms attributable to multiple v transfusions and m 
twm, pregnancies ■were responsible. One fatality occurred. 

Case 1. — A male physician, 37 years of age, after a gastric resection had 
three transfusions in one month without reaction. Two months later another 
transfusion produced chills, fever, and bilirubinemia. His blood proved to he 
Bh negative but no anti-Bh agglutinin could be demonstrated. 

Case 2. — A man 21 years of age had tuberculosis of the hip. He received 
ten blood transfusions in a month, the last few of w’hich were accompanied by 
chills and fever. His blood was found to be Bh negative and contained an 
anti-Bh agglutinin. Two subsequent transfusions with Bh-negative blood were 
given without reaction. 

C.vSE 3. — A woman aged 37 years received three blood transfusions with- 
out reaction in one week for an incomplete abortion. A fourth transfusion 
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after an iiilerviil of twenty-one days pi*otUifed intraviiseular Jjojiioly.sis. Her 
blood was found to be Rh negative and eonlaiued an anti-I?l\ agglutinin. Sub^jc- 
qucnt traiisfusioji witli Kli-ncgative blood produced no rciiction. .She had ciglit 
living ebildren wdjose bloods wore tyi>ed for the Rh factor. There bad been no 
manifestations of erytlu'oblasto.sis in any of her pregnancies. 

Case 4. — A woman aged 49 years was treated for metrorrhagia N\ith a 
blood tran.sfii.sion which was followed by chills and fever. Another transfu.sion 
was given the next day which resiiUcd in heinoglobimiria and jaundice, fler 
blood was found to be Rh negative and contained an anti-Rli agglutinin of ex- 
tremely high titer. Three sulxsequcnt transfusions witli Rli-negative blood gas-e 
no reactions. Seven pregnancies had occurred more than ten years before, re- 
sulting in three living children, three abortions, one stillbirth, and one infant 
dying from umbilical liemorriiage. 

Case 5. — A woman aged 25 ycaiit was given a blood transfusion for toxemia 
of pregnancy. Chills, fcvei*, dy.spnea, liiliruhinemia. and bilinibinuria followed, 
but at no time was there free hemoglobin in the blood stream. A dead fetus 
■was promptly delivered whicli bad the typical stigmas of erythrobla-sfosis The 
patient’s blood was Rh negative and that of the liaby was Rh po.sitive. but no 
auti«Rh agglutinin could be demon.sirafcd in the mother s blood. Two week.s 
later such an agglutinin liad appeared. 

C.vsfi 6. — A woman aged 30 ycar.s had never lieen pi’Cgnant. Eleven years 
previously she had received three blood tran.sfn.sion.s and a year later, two more, 
in the couree of a lobectomy and the drainage of a subphrenie abscess. There 
had been no reactions. In July. 1944, another transfusion was given without 
reaction. Twelve days later another blood tran.sfn.sion wa.s followed by chills, 
fever, and liemoglobinuria. Oliguria ensued and, although decapsulation of the 
kidneys was performed on the third day, she died on the twelfth day in uremia. 
Her blood was found to be Rh negative and contained an anti-Rli agglutinin 
which reacted w’ith tlie Rli-positive blood which she had received. 

Conclusio 7 is. — 1. Isoimmunity to the Rh factoi' was detected in 0.1 per 
cent of 5,375 coasecutive blood tran.sfn.sions and accounted for only 2.4 per 
cent of the reactions of all types which were noted in fiie series. 

2. Routine compatibility test.s for the detection of an anti*Rh agglutinin 
Would have prevented four out of the six reactions reported in this sci'ie.s. They 
would have prevented one fatality in over 5,000 blood transfusions. These tests 
will not prevent all reactions due to isoimmunity to the Rh factor. 

3. It is recommended that suitable compatibility tests foi’ tiie detection of 
the Rh factor be performed befoi'C transfusion of any recipient who ha.s ever 
been pregnant or has received transfusions more than one week previously. 

DISCUSSION 

Hr. C, C. Sturgis, Ann Arbor, Jlieh.— I should like to ask Doctor DeGowin 
W’hat he means by “routine compatibility tests” and also have him amplify his 
statement that tests for Rh agglutination w'ould have prevented four out of the 
six reactions. I assume he ■wished to indicate that the blood of both the re- 
cipient and the donor should have been ty^ied for the Rh factor and Rh-negative 
blood should then have been given to the Rh-negative recipient. May I also 
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ask him to express his opinion about the effectiveness of the compatibility tests 
with respect to the Eh factor in which the red blood cells of the donor are 
brought in contact with the recipient’s serum at room temperature and when 
they are incubated at 37° C. for one hour. 

Dr. C. J. Watson, Minneapolis, Minn. — If one carries out the hemolysis 
test for an hour in the incubator, would that be sufficient to exclude a reaction 
of this type? 

Dr. W. J. Dieckjiann, Ciiicago, 111. — I wish, as an obstetrician, to endorse 
Doctor DeGowin’s comments about the importance of the Rh blood group, 
e.specially, as I am a convert. 

We recently had two Rh-negative patients, but without any demonstrable 
auti-Rh agglutinins, who liad given birth to babies with erythroblastosis, and 
gave 100 c.c. of Rh-positive blood to one and 50 to another, Bach patient had 
a severe reaction and increased bile pigments in the serum. 

Within the past month an Rh-negative patient was given two Rh-positive 
blood transfusions because no Rh-negative blood was available. In such cases 
sodium bicarbonate should be given in 4 Gin. doses every two hours for twelve 
hours, or if the patient is in shock, 300 c.c. molar sodium lactate dissolved in 
2,700 c.c. 5 per cent glucose should be given half intravenously and the remainder 
by clysis. 

Dr. DeGowin (closing). — With regard to Doctor Sturgis’ question about 
compatibility tests, there is a distinct difference in the way antiserum contain- 
ing Rh agglutinins reacts in the ordinary laboratory tests and the reactions of 
naturally occurring isoagglutinins. In performing cross-matching of blood with 
regard to the ABO system, no incubation is required. Any procedure which 
brings the agglutinins and agglutinogens in contact and then produces sedimen- 
tation is perfectly satisfactory. In looking for the anti-Rh agglutinins, it is 
apparently necessary to incubate the antiserum with the cells at 37° C., usually 
for a period varying from twenty to sixty minutes. The procedure also differs 
in the care which must be taken in manipulating cell suspensions to prevent 
excessive shaking. Ordinarily, with auti-A and anti-B sera, the resulting cell 
clumps cannot be shaken apart. On the other hand, clumps formed by anti-Rh 
sera are frequently small and are readily broken up b 3 " agitation so that the 
reaction maj'^ be entirelj'- missed. The performance of tests involving anti-Rh 
agglutinins is difficult and requires much more experience than when natural 
agglutinins are concerned. Even as at present performed, agglutination may he 
easily overlooked. 

With regard to Doctor Watson’s question, searching for hemolysis in the 
test tube is inadequate to demonstrate incompatibility to the Rh factor. Al- 
though hemolysis occurs when incompatible blood is introduced into the body, 
no one has succeeded iu demonstrating hemoij’’sis in the test tube in this type 
of incompatibilitj'. 

Another elinicai fact which has not been dealt wdth in this paper is that 
the tissues of the baby with erythroblastosis fetalis contain the anti-Rh antibodies 
of the mother. If the babj', whose blood is Rh positive, is transfused with more 
Rh-positive blood, the transfused cells are quicklj^ hemolyzed. The child shouiii 
receive Rh-negative blood. 
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EXPERIMENTAL STUDY OP ANURIA IN BURNS 

’SYilliam II. Olson* (Bv Invitatio.v) ano If. Nlcheles, ^I.D. 

Chicaco, Ir.L. 

^Ye liave reported previously that the aimria occurriny; in shock can be 
classified into tlirec different types. The anuria ftdlowiny: thermal trauma be- 
gins immediately after the burn. The present report deals with a comparison 
of various intravenous Iluids u.sed in order to overcome this acute anuria. 

Animals were used under permanent aiiestliesia; all experiments were 
acute. Tlic degree of licmoglobinemia was the mo.st reliable index of the severity 
of the anuria. 

Plasma and gelatin had very little therapeutic value in re.storing urine 
secretion. The following solutions have .some value: lactate plus 5 per cent 
glucose and 2 per cent urea; saline i>lus 2 per cent urea: Tyrode’s solution; and 
saline witli .87 per cent sodium l)iearhonate Isotonie sodium sulfate lias proved 
to he superior to most fluids in overcoming the anuria due to burns. 

DISCUSSION 

Dn, NECiiELE-s. — Wc believe that the free jdasma liemoglol)!?) following 
burns is an indication of the severity of the burn. In the experiments reported 
by lip. Olson, wc can he sure that the dogs with very high values for free 
plasma hemoglobin were the more severely burned, and wo have grouped our 
experiments accordingly. It is interesting that in the reports on l)urns in 
liuman beings most authors do not report on free plasma liemoglobin. We 
know that hemoglobin is (luicldy taken earc of by the rcticulo-endothelial cells 
and by the kidneys. We feel that the concentration of free ))lasma hemoglobin 
is related to the degree of kidney damage. Experiments to determine this ai'e 
under way. So far, sodium sulfate seems to be the best solution to overcome 
the anuria of burns in acute c.xpenmcnfs. 


THE DISTINCTION OF HEMOLYTIC AND NONHEMOLYTIC 
TRANSFUSION REACTIONS 


Edmund B. Flink, M.D. 

Minneapolis, Minn. 

(Introduced dy W. W, Spink, M.D., Minneapolis, Minn.) 


Transfusions of -whole blood or red blood cells may be attended by reac- 
tions. The majority of these arc simple febrile or urticarial types, but some 
are hemolytic. The recognition of hemolytic transfusion reactions and their 
distinction from those of simple febrile type are often matters of considerable 


practical importance. 

The present study of transfusion reactions has depended upon the quan- 
titative determination of hemoglobin in blood plasma and urine. Artificial 
hemolysis was prevented by drawing the blood carefully into isotonic sodium 
citrate solution. The hemoglobin concentration of the plasma was determined 
by the method of Flink and Watson, in which hemoglobin is converted to pyrid- 
ine hemochromogen and measured by means of an Evelyn photoelectric colorim- 
eter. Normal values with this method range from a trace to 5 mg. per 100 c.e. 
cf plasma. With hemoglobin concentrations of from 20 to 25 mg. per 100 c.c. 
the presence of hemolysis is evident to the eye. 
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FACTORS CONTROLLING THE CORONARY CIRCULATION 


Louis N. Katz, M.D., Wilfred Wise, M.D. (By Invitation), and 
Kenneth Jochiai, Ph.D. (By Invitation) 

Chicago, III. 


For the past dozen years we have been investigating the control of the 
coronaiy circulation on preparations in whicli the coronary vessels were perfused 
from a separate circuit. In the intact animal, however, the coronary vessels 
are perfused from the same trunk, the aorta, which feeds the other systemic 
circuits. For this reason, we have recently analyzed seventy-nine experiments 
on the isolated denervated heart and heart-lung preparations in which this 
normal paraUel circuit arrangement was permitted to exist. In these experi- 
ments, the coronarj’- flow was measured by the difference in flow between the 
main pulmonary artery and the aorta simultaneously determined with modified 
Ludwig flowmeters. 

The coronary floiv ivas found to depend upon the cardiac output per minute, 
often independently of the aortic pressure level. This correlation between car- 
diac output and coronary flow of the denervated heart is explained on a purely 
mechanical basis. When the output of the left ventricle increases, blood is 
forced at an increased rate through both the coronary and the other systemic 
circuits. This increased flow tends to distend these circuits, thereby reducing 
their resistance, since resistance in a system of elastic tubes is an exponential 
function of vessel caliber. This automatic decrease in resistance may be suf- 
ficient in many instances to prevent any significant rise in aortic pressure. 

In addition, with the cardiac output constant, changes in the peripheral 
resistance of the extracoronary systemic circuit caused parallel changes m 
coronary flow, sometimes without any significant alteration in the aortic pres- 
sure. This change in coronary flow is determined by changes in the resistance 
of the extracoronary paths per se. The total peripheral resistance may not 
change appreciably if the coronary resistance is, at the same time, sufficiently 
decreased by^ the passive distention caused by the diversion of blood to the 
coronary bed, so that aortic pressure may not change appreciably. 


Thus, in the intact circulation coronary flow depends primarily on two 
passive factors; (1) the cardiac output per minute and (2) the state of con- 
striction of the extracorouaiy systemic blood vessels. Furthermore, changes 
in these two factors can modify coronary flow independently of obvious arterial 
blood pressure changes. 

These facts, of course, do not negate the value of powerful coronary vaso- 
dilator drugs to supplement such mechanical (and other possible humoral) 
regulatoi-s. However, in employing such drugs care should be taken (1) 
they are powerful enough, (2) that they do not at the same time increase the 
work of the heart proportionately (or out of proportion), and (3) that they 
do not divert blood from the coronary circuit by an equal or greater dilating 


action upon the other systemic vascular beds. 


DISCUSSION 

Dr. John R. Smith, St. Louis, Mo. — ^I ivas rather cheered to hear 
Katz say that he was shocked at some of his results, because I ran into tna 
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somo of my experiments. I started ont to perfuse one of the auricular arteries 
and to study perfusion into the auricular arteries under ordinary tension. In 
noting tlie perfusion of blood into tJie loft anterior auricular artery, I found 
that by raising the cardiac output without elianuing the blood pressure, inflow 
into this little artery increased three or four finies hearing that sometJiing was 
wrong in my experiments, I repeated them tlirec or four times. Apparently 
the same thing as' Dr. Katz noted with the total coronary artery inflow was 
what I noticed with only one little twig of tlio c<irona]'v system. 

Dr. EiiMET B. B.vy, Chicago, 111. — I would like to ask Doctor Katz what he 
thinks thejncchanism is that makes tiie dilatation in the coronary arteries. Some- 
thing lias to dilate tlie coronaries «n<l possibly that very sliglit increase in 
pressure would serve to dilate them. In the other experiment it is also quite 
clear, as Doctor Katz pointed out, that if carried to alisurclity tiic vessel would 
have ruptured; this in Doctor Katz mind miLst mean quite an increase in 
pressure. I do not believe it is fair to talk in terms of constriction at the root 
of the aorta determining coronary tlow without a eiiange in prev-sure since other 
work has quite clearly demonstrated that by changing the pressure at the root 
of tlic aorta it is possible to change the coronary ilow. 

DjR. ]irosES B.\jRkon, Hfinneapolis, ]Minn. — I would like to ask Doctor Katz 
if the coronary flow is increased in cases of coarctation of the aorta. 

Dr. Katz (closing). — I am delighted to hear that Doctor Smith had a similar 
experience on perfusing a single coronary artery. 

Doctor Bay’s point is well taken In my presentation, I was careful to 
state that there was no appreciable change in aortic jiressure. We do not deny 
that the pressure ro.se, but the ri.se was often tiny, less than 1 mm. of mercury, 
despite the large luigmcntation of the coronary flow. Such a rise in blood pres- 
sure is of no importance elinicaliy and would be ('onsidored as no cliangc. 
Furthermore, the pressure change in the aorta is no criterion of the pressure 
change in the smaller coronary vessels. Even if the aortic pressure changes little, 
it is still possible that the pressure in the smaller vessels will rise appreciably. 
Distention of the coronary vessels will cause the pressure gradient to fall; there- 
fore, if the aortic pressure does not rise .significantly tlie pressure in the small 
coronar>' vessels should on this account rise definitely. Our argument is thus 
directed against the idea that aortic blood pressure change is the sole factor 
which alters coronaiy flow passively. 'NVe agree, and have ourselves demon- 
strated, that coronary flow increases when the aortic pressure goes up, but in 
the intact animal wc insist that coi-onary floiv may increase greatly witli prac- 
tically no change in aortic pressure. 

As to Doctor Barron’s question about coronary flow in coarctation of the 
aorta, I would be inclined from our experiments to believe that the coronary 
flow is definitely increased because the coarctation is etiuivaleiit to the screwing 
down of the screw damp on the aorta of our heart-lung preparation, Wlien the 
coarctation is small, there may he no rise in aortic pressure proximal to the 
lesion and yet the coronaiy flow wdll be increased. With more severe lesions 
the pressure proximal to the lesion will also go up. 



376 


CENTRA SOCIETY FOR CLINICAL RESEARCH 


THE USE OP PAPAVERINE IN CORONARY ARTERY DISEASE 

L. W. Swanson, M.D. 

Mason City, Iowa 

Since the very favorable report by Katz on the efficacy of papaverine in 
large dosage in the treatment of angina pectoris, twelve patients with varying 
degrees of coronary insufficiency have been treated with papaverine. Their 
ages varied from 42 to 74 years. Pour of the twelve had angina of effort but 
no evidence of coronary occlusion either by history or electrocardiographic 
examination, while the remaining eight all gave a history of healed coronary 
occlusions which had been confirmed by observation and/or typical changes in 
the electrocardiographic pattern. The duration of symptoms varied from two 
months to one year. All of the patients complained that their respective activity 
levels were much reduced by the anginal pains; three of them had actually been 
bedridden by the severity’- and frequency of the attacks. Papaverine hydro- 
chloride was administered orally in doses of 1]A gr. four times daily. 

Eleven of the twelve patients appeared to be definitely improved by the 
drug. One did not, and the administration of the drug had to be stopped be- 
cause of excessive sleepiness. In none of the other cases was oversedation noted 
as a disturbing side-effect. No suggestion of addiction was observed upon ces- 
sation of the treatment. Two of-tlie bedridden patients were improved enough 
to tolerate the activity of being up enough to care for themselves at home after 
approximately three and five weeks of treatment, respectively. Two of the 
others who had been forced by their attacks to quit all manual labor were able 
to resume light work after one and three weeks of papaverine administration. 
The remainder of the eleven patients who improved measured their improve- 
ment by stating they had fewer attacks of pain and could walk farther. 

These results are thought to be significant even in a small series because 
of the high proportion who ivere improved and because all of the patients had 
previous therapeutic trials on conventional methods. 

DISCUSSION 

Dr. hlosES Barron, Minneapolis, Minn. — I would like to ask the essayist 
how long he keeps up this treatment of ly^ gr. four times a day. 

Dr. Swanson (closing). — One patient has been on this treatment almost 
continuously for fourteen months. Wlienever he gets into trouble he wants to 
resume it. 

STUDIES ON THE CHANGES IN THE CIRCULATION OF NORMAL 
SUBJECTS WITH SMALL VARIATIONS IN THE FLUID 
CONTENT OP THE BODY 

RicaiRD H. Lyons, M.D., Franklin D. Johnston, M.D., and 
John Sanders, B.S. (By Invitation) 

Ann Arbor, Mich. 

The administration of 2 c.c. of mercupurine to ten normal subjects resulted 
in a mean loss of weight of 1.76 ± .3 kg., a decrease in the plasma volume of 
544 ± 88 c.c., and a decrease in venous pressure of 25 ± 5 mm. of ivater. The 
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significance of these c}iaiige.s was further stiulifd in seven otiier normal subjects 
on whom twelve observations of the eanliae mitpnt. stroke output, and heart 
rate were made with the l)alli.stoeardiograiu twenty-four hours after a 2 e.e. 
injection of mercupurine. TJiese observations were coniimred to thirty-five con- 
trol studies. Tliere was a mean decrease in ttio str<jke volume of 17 per cent; 
in the cardiac output per minute, of 12.4 per <vnt , in the venous pressure, of 
15.8 per cent; and in body werglit, of 1 9 pci* vent. The heart rate increased 9.5 
per cent and tlici'c was an S.2 per cent mercasc in tlie diastolic pressure. 
These changes were statistically significant uhen compared to the control ob- 
sen’ations. Some subjects complained of woakncs'<. tiredness, and faintness on 
standing. 

The oral administration of large amounts of sodium chloride (20 Gm.) or 
sodium bicarbonate (25 Gm.) is associated uilh an increase in plasma volume, 
400 to 440 C.C., a rise in vouotis pressme of t? lo .'If* mni of water, and a gain in 
body weight of 1.6 lo 1.9 kg. Eleven ohsorvation.s on seven normal subjects 
after the inge-stion of 23 Gm. of sodium ehloride pei’ day for two days showed 
a mean increase in .stroke oiilitiit of 9.4 per eeiil . in eardioc output, of 4 per cent; 
hi systolic blood prcs.sHre, of 7.2 i>er I'ont; in wnou.s pre«ure, of 28.8 per cent; 
in body weight, of 2.2 per cent. There was a decrease m the heart rate of 5.3 
percent. Except for tlio increase in eardiae output and decrease in heart rate, 
these ciiauge.s were stati.stieally .significant when eonipared to Die control observa- 
tions. 

It is eoneluded that .snudl cliai>gc.s in the exlraeeilular fluid content of 
tile body of 1.5 to 2 liters is suftieiont lo produce clianges m the plasma volume, 
venous pressure, stroke output, and pulse pressure. 

DISCU.SSION 

Da. G. T. Bv.ixs, Jlinncapolis, lliiin.— lias there been any observation made 
on increasing the intake of plain water'l I am thinking particularly of the ex- 
periment of Jlargaria in wliich a larger intake of fluid was not accompanied by 
a dilution of the blood. 

Questiok. — Jlay I ask if Doctor Eyons has any observations on the hemat- 
ocrit, hemoglobin, or the plasma-protein of the blood. 

Dr. Dyqxs (closing). — In measuring plasma volume we have also done 
hematocrits and have found in general that percentage change in plasma volume 
determined by the dye method may be considerably more than the percentage 
of change of the hematocrit. The hematocrit has not been a good index of 
change in the plasma volume. The same is true of the serum protein concen- 
tration which does not change as much as the plasma volume determined by the 
dye method. This may lie duo to the change in total circulating protein. 
I^Ughlj-, when ivc have an increased plasma v'oiunie, wc get an increase in the 
circulating protein, and with a decrease in plasma volume there is a decrease in 
total circulating protein; therefore the change in protein concentration will not 
varj- as much as the change iu plasma volume. 

We have made no experiments on the viscosity of the blood so I cannot 

comment on that. 

Regarding the change in plasma volume with the ingestion of large volumes 
of water, we have observations on medical students who have ingested 2 liters 
of water and we have found significant change in the plasma volume. 
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DEVELOPMENT OP A TEST FOR TPIE DETECTION OP ANTIBODIES 
IN SERUM OP TUBERCULOUS HUMAN BEINGS AND GUINEA PIGS 

R. 0. Mcether, M.D., and William C. IRacdonald, M.D. (By Invitation) 

St. Louis, Mo. 

The serologic diagnosis of tuberculosis has always been unsatisfactory, 
but the desirability of having a satisfactory procedure has never been questioned. 

Cannon and Marshall, using collodion pellets coated with old tuberculin, 
have devised a technique which has been useful in their hands. We have been 
interested in this problem for a number of years and have attempted to develop 
a satisfactory technique basing our work on that of Roberts and Jones with 
virus agglutination tests. 

The technique used at present consists of coating a nonpathogenie organism, 
Serratifi marcesens, with old tuberculin. To secure a satisfactory antigen, it lias 
been found necessary to have a uniform suspension of organisms of constant 
density and it is important that the ratio of bacterial N to old tuberculin 
nitrogen be adjusted carefully. 

Once a satisfactory antigen is prepared, the antibodies, if present in serum, 
will cause precipitation and the titer of the antibodies can be determined by 
making serial dilution of the serum. 

In the present study, infected guinea pigs as well as human subjects were 
used. 

The guinea pigs were infected with suspensions of tubercle bacilli and then 
bled at four-day intervals for twelve days. Each serum was tested for antibodies. 
The serum of the infected animals gave positive tests in increasing titer as the 
infection progressed, while the control animals remained normal. 

Studies on human sera have shown negative reactions when applied to 
‘ ‘ tuberculin-negative ’ ’ individuals, while ‘ ‘ tuberculin-positive ’ ’ patients witliout 
active tuberculosis showed a weak reaction (1:64). Active cases of pulmonary 
tuberculosis gavm high titers up to 1 :1024. Arrested cases showed much lower 
titers ranging from 1 -.32 to 1 -.256. 

TOXICITY OP SALICYLATES^ 

jIIajor Frederick S. Coombs, Major Harry A. W-vrren (By Invitation), 
and Lieutenant Colonel Charles S. Higley (By Invitation) 
iSlEDiCAL Corps, Army of the United States 

Recent papers have advocated the establishment of plasma salicydate levels 
of between 30 to 40 mg. per 100 c.c. without the use of sodium bicarbonate 
in the treatment of acute rheumatic fever. 

We have studied a series of eighty-four patients with acute rheumatic fever 
in whom the plasma salicylate levels have been followed during intravenous 
and oral administration of from 10 to 16 Gm. daily. While it is too earl) to 
evaluate the efficacy of such treatment in preventing cardiac lesions, we hmc 
been impressed with the toxic reactions occurring in such patients when plasma 
salicylate levels are maintained at over 30 mg. per 100 c.c. Previous investigatois 

•From Truax Field, Madison. Wis. 
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ha\e reported partially on tliis syiidronie, but helort* salicylate levels were avail- 
able. Re-eniphasis now is docuied important ut vieu of (•lUTcat interest in sali- 
eylale therapy in aeute rheumatic fever. 

The to.vie reactions, or salieyHsm, ma\ he divided into three parts: 

1. Respiratory alkalosis and it.s euneomitant t-jjanires 

2. Pustular aene 

3. iManiacal delerium 

The respiratory alkalosis is characterized clniic.diy hy .ni increase in tiie 
rate and depth of respiration, at fmi<*s severe eimunh to cause numbness and 
tniglnitj of the acral parts and on one oeeasion to {U'oduei* carpo-pedal spasm. 
Chemically tlic blood .shows a ri.se in pll. a lowerin'; of C’O. content, rise in 
serum clilorides, early compensatory los's f>i sodium, and retention of w'atcr. 
Decreased renal function measured In urea elearauee and intravenoirs phenol- 
sulfonephtlialein tests results, ('baits denunistrate thc.s<- changes 

When sodium bicarbonate is atiminisiered alone with sodium salicylate, 
lower blood levels arc obtained, and tlie respiratory alkalosis does not develop 
principally because sodium bicarbonate niereases tb<' e.xeretion of salicylates. 

Colored slides illustrate the pustular aene which simulates bromidism. The 
clfect on the central nei'vous system is onflincd 

The tlieory that accumulation of salh-vl.ites in the blood leads to direct 
iitimulation of the respiratory center ami thus to h\ alkalosis is 
propounded. Continued alkalosis of the degree observed in .some of our jiatieuts 
Js severe enough to iutorfore with khlney fum-tmn ami may lead to permanent 
renal damage, 

DISCUSSION’ 

Dr. W.vlter h. Pai.mer, Chicago, III. — The renal changes are not proof of 
renal injury. Doctor Kii-sner, in his study of alkalosis, did not find definite 
evidence of renal damage. The changes in function return to normal wdien the 
electrolyte balance becomes normal. In <ither words, the alteration in renal 
e.xeretion may be purely a reflection of the disturbed electrolyte balance, 

Du. A. J. Quick, ililwaukee, Wis — 1 Ibink that these new clinical studies 
employing large doses of salicylates shoubl .stimulate further investigation con- 
eeniing the metabolism of salicylic acid. It is to be remembered that salicylic 
acid is really a phenol w’itb the properties of the phenolic group modified by the 
carbo.xyl group. Salicylic acid is slowly eliminated from the body — even after 
taking only 1 Gm. of sodium salicylates, salicyhe acid can be detected in the 
tirine for twenty-four hours and often for forty -eight hours. We know' that 
salicylic acid undergoes various metabolic changes in the body. Some of it is 
combined w'ith glycine; .some is oxidized to a dibydroxy salicylic acid. We do 
not know' much about those polyb.vdroxy compounds, but it is probable that 
they may exert a toxic action on Ixme marrow and nerve tissue. Since sali- 
cylates are now used in massive do.ses, it might be well to investigate further 
die fate of salicylic acid in the organism. Coburn has done some of this work 
but more study is necessary. 

_ Du. C. J. Watson, ]^linneapolis, ^inn — Did you follow the prothrombin or 
fibrinogen levels in these patients? 

I^Iajor Coombs (closing) .—We, of cour.se, were interested in knowing 
whetlier the protlirombin time wa.s changed. AVe had some patients with a blood 
salicylate level of approximately 35 mg. and found the results w'ere entirely 
normal. There was no effect on tlie prothrombin. We did not do anv test foV 
fibrinogen. 
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SUBACUTE BACTERIAL ENDOCARDITIS CONFINED TO THE RIGHT 
SIDE OP THE HEART AND ENDARTERITIS OP THE 
PULMONARY ARTERY 


Paul S. Bakicer, M.D. 
Ann Arbor, Mich. 


The usual clinical features of subacute bacterial endocarditis confined to the 
right side of the heart, and of subacute bacterial endarteritis superimposed on 
patent ductus arteriosus, are well known. It is also well known that they are 
extremely variable, that many eases deviate from the typical picture, and that 
diagnosis is often difficult. Nevertheless, the success of surgeiy in curing patent 
ductus in which infection has not yet involved the heart valves makes exact 
diagnosis imperative. For aid in this problem, a study of the University Hospital 
eases and a review of the literature were undertaken. 

The physical signs usually indicate clearly a lesion of the right side of the 
heart or patent ductus arteriosus. Sometimes the signs are atypical, the mur- 
mui-s confusing or absent, klurmurs often change and occasionally disappear 
during the course of the disease, due probably to changes in the vegetations 
which may occlude a patent ductus or alter the direction of flow through a 
septal defect by obstructing the pulmonaiy artery. Systolic and, occasionally, 
diastolic murmurs may be heard in the mitral or aortic area in the absence of 
lesions of these valves. Converselj’', these valves may be involved without pro- 
ducing characteristic signs. In endarteritis complicating patent ductus, involve- 
ment of the aortic and mitral valves is usually obvious, but involvement of the 
pulmonic valve is often obscured. 

Signs of infection are present, such as fever and tachycardia. Anemia 
usually appears eai’iy. The leucocyte count varies but is usually moderately 
elevated. Abdominal discomfort, anorexia, nausea, wasting, and cough are 
common. Blood cultures are usually positive; sometimes they are sterile, espe- 
cially early in the disease. 

Infarction of the lungs is usually, but not always, present. Peripheral 
emboli in the greater circulation are rave and recjuire special explanation, b' 
some instances, the flow through a septal defect or a patent ductus may be 
altered so that it is from right to left. In other eases with no abnormal com- 
munication, one may speculate regarding the possibility of infected pulmonaiy 
infarcts causing pulmonary venous thrombosis which in turn gives rise to 
peripheral emboli. Enlargement of the spleen is common and is usually due to 
acute splenic tumor accompanying the infection or to passive congestion, occa- 
sionally to infarction. Albuminuria and microscopic hematuria are common, 
and autopsy usually reveals glomerulotubular nephritis; rarel}^ renal infarction 
or focal embolic nephritis is discovered. Peteehiae sometimes appear, oeeasion- 
ally purpura. 

DISCUSSION 


Dr. hi. J. Shapiro, hlinneapolis, hlinn. — I would like to comment on th 
diagnosis of patent ductus without a typical murmur. One can conjecture as 
whether he has a patent ductus if the munnur is not typical but I would sugges 
that such a diagnosis be not made preoperatively. If the murmur is not 
and surgery is done on many of these patients, a lot of mistakes will be ma 
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A patient witli subacute infection superimposed on a patent ductus should be 
operated because lie lias notliinj? to lose. Kven witli pcmcilliii and the sulfona- 
mides we have nothing available. In a large percentage of cases of subacute 
bacterial endocarditis, euro lias been ol)taine<l by surgmy alone. 

Dr. C. J. Wati^ox, Jlinnoapolis, Minn. — I .slumld like to ask Doctor Barker 
wliether he lias encountered right-sided haeteiinj eudnearditis in jiatients yuth 
jiulnionary tuberculosis and wliether he knows it' tiihcrele bacilli may cause 
subacute bacterial endocarditis. M^e roeenfly had a patient wiio liad an exten- 
sive pulmonary tuberculosis with eavitic.s. lie presented a very loud systolic 
murmur in the jmlnionie area but had no evidence otlicrwise of subacute bac- 
terial endocarditis with the o.xeepiion of an en/aitred .si»lecn. This patient was 
dUcliarged to a tuberculosis sanitarium at some di-stanco. \Vc were told sub- 
sequently that soon after arriving there he <loveloped a severe purpura and at 
autopsy he iiad vegetations on the pulmonary valve, hut no bactoriologic studies 
were made. AYc did not presume that tins was a liiherculoiis endocarditis but it 
raised the question in our mind.s and I woul<l like to know what you think 
about it. 

Dk. B.iRKEit (closing). — In one of our eases a <-lmical diagnosis of subacute 
bacterial endocarditis in an interventrieular .septa) defect was made. The patient 
left the hospital against adviee and dhl not continue with sulfonamide treat- 
tUGiU. Later, bo turned up as a )>atient witli tulierculosis of the lungs which he 
did not have at the time lie liad the liaclerial endocarditis. He had recovered 
from the bacterial endocarditis and liad normal temperature and negative blood 
cultures. In the literature tliere are reported several patients witli riglit-sided 
subacute bacterial endocarditis and tuberculosis of the lungs and one with 
tuberculosis of the kidneys. I did not encounter any with tubercle bacilli im- 
planted on tile valves or on the emiocardium. 

^ I agree that operation should be restrietod to patients witli typical murmurs. 
Peripheral embolism i.s relatively uncommon and should suggest involvement 
of the mitral or aortic valves. In our limited experience .some patients have 
yespouded to penicillin tliorapy and apparently have recovered from their 
infection following its use. 

A CORRELATION OP COMPOSITE LIVER FUNCTION STUDIES WITH 
HISTOLOGIC CHANGES IN THE LIVER AS NOTED IN 
BIOPSY MATERIAL 

F. W. Hofkuackk, M.D. 

IMinkeapous, Mink. 

(I.M’KODUCED IIY C. J. WaTSOX, 3I.D.) 

Clinical studies of liver function in various forms of jaundice and liver 
disease indicate tlie relative futility of using but one or two procedures intended 
lo measure liver function. In the present stxidy a battery of liver function 
tests has been employed, and the results have been recorded graphically in the 
fom of a liver function “profile” or composite record. The present material 
consists of forty-eight cases in which composite studies were made and in which 
^ total of fifty-three needle biopsies of the liver were carried out. This includes 
twelve cases in which, because of relative inaccessibility of the liver, the 
biopsy was done at the time of laparoscopy. This is to say that a biops}’- needle 
was inserted directly tlirough the anterior abdominal wall; the insertion into 
the liver was guided by visualiEation through tlie ijeritoneoscope. The employ- 
ment of a needle allows sampling of liver tissue to a greater depth than is per- 
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mitted with the peritoneoscopic biops.v forceps, thus eliminating the objection 
to the latter method that only subcapsular material is obtained. For the ordinary 
biopsy (thirty-six cases), in the presence of an enlarged and easily palpable 
liver, the procedure was carried out at the bedside using an 85 mm., 14-gauge 
Silverman needle, as first employed for this purpose bj' Tripoli and Fader. The 
biopsy under peritoneoscopic control was done with a modified 180 mm. Silver- 
man needle of the same gauge. 

The composite study of liver function has included the following proce- 
dures for the non jaundiced patient; quantitative fractional serum bilirubin; 
hippuric acid (one hour, intravenous method) ; fractional serum proteins: 
eephalin-eholesterol flocculation, bromsulfalein 2 mg. per kilogram ^with 
twenty -minute reading; urine urobilinogen in milligrams per twenty-four hours. 
In the jaundiced subject the same procediu’es, with exception of the bromsulf- 
alein test, are used, together with the total serum cholesterol, the serum pho.s- 
phatase, the Quick prothrombin time (before and after vitamin K), and the 
feces urobilinogen (milligrams per day). Tlie renal function factor in the 
hippuric acid test is evaluated by means of a simultaneous one-hour phenol- 
sulfonephthalein excretion test (1 e.c. of the dye is injected together with the 
sodium benzoate). In instances where the results with these standard proce- 
dures were conflicting or doubtful, supplementaiy and more sensitive tests were 
carried out. These included the bromsulfalein 5 mg. per kilogram thirty- 
and forty-five minute reading and the bilirubin tolerance test in the nonjaundiced 
subjects; the intravenous galactose test, stercobilin tolerance test, and urine 
coproporphyrin in both jaundiced and nonjaundiced subjects. 

It is believed that the conjunction of the composite liver function study 
with liver biopsy has permitted much additional insight into the pathologic 
pliysiology of jaundice and liver disease. From these studies it has become 
increasingly apparent that cirrhosis of similar anatomic extent may exhibit 
strikingly different degi-ees and types of liver functional impairment. The 
concept of a perieholangitic type of hepatitis with normal hepatocellular func- 
tion has become increasingly clear as a result of these correlations. The diagno- 
sis of obscure or uncommon liver disordere, as, for example, primary amyloidosis, 
has been established by biopsy in cases in which the liver function profile, alone, 
although abnormal, was not diagnostic. 

The study indicates that if a large enough series of correlations of the 
above type become available, the resulting patterns may provide information 
both as to the anatomic type of hepatic disease, and to the prognosis. 

DISCUSSION 

Lieutenant Colonel Johnson IMcGuire, Cincinnati, Ohio. — I would' like 
to ask if there has been any mortality in securing these biopsies. 

Dr. C. J. Watson, ^Minneapolis, IMinn. — I might add a word about hvei 
biopsy, having watched Doctor Hoffbauer’s procedure repeatedly. He has done 
somewliat more than sLxty-five witliout untoward incident. An accident dm 
oeenr in one case where the biopsy was done by^ a visiting physician, altlioug' 
under supervision. In this instance the needle undoubtedly ivent through tne 
thin left lobe of the liver and damaged a vessel behind it. An alai’ming hemor- 
rhage resulted which, however, stopped spontaneously. The patient recovere 
completely. If one limits the procedure to eases where the liver is easily pa - 
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pable below tlie rij'ht costal niarijiii, and obviously just beneath the abdominal 
wall, the biopsy is believed to be i|uite safe. In other cases needle biopsj' can 
be eari'ied out satisfactorily under peritoncoscoi)ic control. When observed 
through tiic peritoneoscope, llie amount of blccdin'j is small, a few drops welling 
up on the surface after roino\*al of tlie needle, ]»romptly followed by clotting 
and cc^ation of blccdinj?. The inseiiion of the needle is relatively painless if 
the parietal peritoneum is first earefully anaesthetized. 

Dr. IIofkbaueh (closing). — Needle biop.sy of flic liver has not been at- 
tempted in any ])atient u-hcre there wa.s a sirspieioii of intra-abdominal or intra- 
hepatie su])piiration, Tlie presence of a Iieinorrliagie tendency ha.s also been 
regarded as a contraindication. No fatalities have oeeurred as a result of this 
procedure. 

Biopsy of the liver, a.s carried out bv the surgeon at the time of operation 
or by the endoscopist with tlie peritoneo.seope forceps, lias been criticized on the 
basis that if tlic material Is .secured from just beneath the capsule it may not 
reflect the actual structure of the liver elsewhere, Tliis can be avoided bj' 
the operator if an attempt is made to remove (issue from a sufifieient depth into 
the liver. The Silverman biopsy needle permits penetration to a depth of sev- 
eral centimeters and is therefore advantageous 

THE CEPHALIN-CTIOLKSTEROL FLOt 'CUDATION TEST 
Leo J. W.\de, axd Elle.v KtiREXFn.sT RirH.’'rAx, IlfS. 

St. Louis, Mo. 

(IXTiiODucKi) Dv Carl V. Moore, M.D.) 

The pi'csont eonimunioation i.s an attempt to evaluate the eephalin floeoula- 
tion tost under a variety of eireumstanees. Prom a series of 1.500 tests, 500 were 
done on the sera of patients wliose diagnoses were cstablislied beyond any reason- 
abk doubt. The results may be summarized as follows*. 

NEO. ros. 


I- Diffuse parcncljyiiiatous (Jisease of the liver 2,^ 07.2 

IT, Discrete JesioriM of the Uver JO.? 53.3 

in. Suspcctel lesions or dysfunction of liter 02.8 37.2 

rv. Xo known lesion or dysfunction of liver--.— — 81.9 18.1 


Negative reactions did occur in the presence of diffuse liver disease but the 
ksious were invariably minimal. Flocculation was not encountered in normal 
healthy controls, but in the presence of infection, allergic disease, and during the 
puerperium or neonatal period positive reactions were encountered which are 
thought to be “false po.sitives.” In tu'elve of thirteen instances studied, the 
sera of mother and ncw’born infant ran a parallel course suggesting that the 
causative agent passes the placental barrier. These facts are not incompatible 
with Hanger's hj^potliesis that the flocculation is due to an abnormal globulin 
cousUUient, although no correlation ivas possible with the albumin-globulin 
ratios. It is suggested that as in the case of the flocculation test.s for syphilis, 
experience will make apparent tbo.se situations in which the test is not reliable. 

The test is of greatest value in aente hepatitis, catarrhal jaundice, and 
cirrhosis or in the presence of any other diffuse parenchymatous liver disease. 
In these situations the test has prognostic as well us diagnostic value. The floc- 
culation test is of no value in the differentiation of obstructive and nonobstructive 
jaundice. Other tests, particularly the bromsulfakin test is more useful in de- 
tecting focal hepatic disease. 
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BILIVBRDIN ICTERUS 

Major E. A. Larson^, Medical Corps, Army of the United States, and G. T. 

Evans, M.D. (By Invitation), IMinneapolis, Minn. 

A direct colorimetric method for the determination of serum biliverdin is 
described; it employs the Evelyn colorimeter and depends for its validity on the 
increasing light absorption of biliverdin in passing from green to red wave 
lengths, as compared with the decreasing or nnehanging absorption of bilirubin, 
reduced hemoglobin, and oxyhemoglobin in passing through the same range. 
Methemoglobin must he specifieallj'- excluded. 

Normal sera contain no detectable biliverdin (less than 0.05 mg. per cent). 
Ninety-three observations were made on the sera of sixty-three consecutive 
patients with jaundice. The biliverdin values ranged from zero to 2.2 mg. 
per cent. 

When biliverdin is present, tlie general trend is for the higher values to 
occur in patients with the liigher values for total bilirubin; thus, the six higliest 
values for biliverdin (over 1 mg. per cent) were in patients (three carcinomatous 
obstruction; two, common duct stone; one, catarrhal jaundice) having total 
bilirubin above 17 mg. per cent (average, 24.4 mg. per cent). 

A significant level of biliverdine was found in every patient with the follow- 
ing: (a) carcinomatous obstruction of the common bile duct (twenty-six); (b) 
catarrhal jaundice (four); (c) cirrhosis with jaundice (five); (d) common bile 
duct stricture (five). Among the patients mentioned in whom biliverdin was 
imiformly present there ivere fourteen witJi total bilirubin under 10 mg. per 
cent (average, 5.9 mg. per cent) ; compared with this it is worthy of note that of 
the ten patients with conunon bile duct stone, five with an average total bilirubin 
of 7.1 mg. per cent had no liiliverdin in their sera. 

The remaining thirteen patients (six transfusion reactions; three, hemolytic 
anemia; one, leucemia; one, Hodgkins’ disease; one, Banti’s syndrome; one, 
cardiac decompensation) with average total bilirubin of 7.6 mg. per cent (range 
3 to 30 mg. per cent) all had zero biliverdin. 

The green tint of the patient was noted in those having as little as 0.3 mg. 
per cent biliverdin (total bilirubin, 9 to 20 mg. per cent). 

Serial observations in fourteen patients showmd that biliverdin can change 
markedly in from one to five days without respect to the direction of change of 
the total jaundice. In three of these patients, during a period when there was 
a notably high caloric intake, the biliverdin was observed to disappear despite 
absence of mai’ked change in the total jaundice. 

In general it may he said that biliverdinemia is a further evidence of 
regurgitation jaundice and has not been observed in hemolytic (retention) 
jaundice. The absence of biliverdinemia speaks against the diagnosis of jaundice 
due to cancer. 
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PRUrARV SPLENIC PAN-lIEMATOPENIA 

CnARLES A. Loan, M.I). 

Columbus, Ohio 

The physiologic role of tlie spleen as u reser\ojr and regulator of the 
circulating cellular elements in the blood is well established. The selective path- 
ologic sequestration and destruction of rod lilood cells (congenital hemolytic 
icterus), platelets (thrombocytopenic purpura), and granulocytes (primary 
splenic neutropenia), respectively, associated with an hyperplasia of highly 
phagocytic R-E cells, with or witlmut demonstrable si)lenic enlargement, may 
each be treated successfully by splenectomy. Secondary, usually asymtomatic, 
decreases in one or more of the cell tyi)cs not j>rimarily attacked by the splenic 
phagocytes have been noted and reported in our previous communications deal- 
ing with each syndrome as a separate entity. If this erratic pathologic physiology 
of the spleen is tlie principle underlying etiology in the conditions described, it 
should not bp surprising to encounter certain individuals in ivhom this organ 
failed entirely to discriminate between the blood elements passing through its 
confines, with a resulting pcriiiheral hematologic and clinical iiicturc superficial- 
ly resembling the pan-marrow hypoplasia in aplastic anemia It i.s the purpose of 
this report to define and difi'erontiatc .such a newly recognized syndrome, to sug- 
gest a diagnostic designation descriptive of the fundamental underlying me- 
chanism, to present clinical examples, and to recommend splenectomy as an 
effective therapy. 

“Primaiy splenic paii-hematopenia” oceui's hotli as a chronic x*elapsing, 
and as a relatively acute, clinical syiulromc, either as.sociatcd witli or independ- 
ent of the congenital or acquired splenic dyscrasias previously described. The 
adrenalin test will reveal an abnormal excessive seiiuestration of all normal 
circulating elements by the spleen through a manyfold temporary increase above 
the base line in the peripheral circulation. Sternal bone marrow aspiration will 
show pan-inarrow' hyperplasia of all Jioi'm.al elements without patliologic matura- 
tion arrest or significant qualitative abnormalities, or foreign cell invasion, a 
finding in sharp contrast witli the acellular marrow in hypoplastic anemia, or 
the hypei’plasia in metastatic myelophtliisia. 

At least five more or less clear-cut examples of this syndrome have been 
encountered in our series of 170 splenectomies for splenic dyscrasias. The first 
ea.se is that of a 14-year-old girl, apparently normal at birth, but from 6 months 
of age until seen in our Clinic in October, 1943, she had suffered more or less 
constantly from profound nonicteric anemia, leiicopenia wnth recurruig super- 
ficial infections and nonspecific febrile episodes, and easy bruising. A diagnosis 
of hypoplastic anemia w'as made when all hematogenic therapy failed, but no 
blood transfusions were ever given and complete aplasia obviously nevei oc- 
curred. The first available blood study was made at 29 mouths of age: W.B.C. 
■1200, R.B.G. 1,210,000; Hb. 4.5 Gm., PaiN 29 per cent, PjME 1 per cent, lympho- 
cytes 65 per cent, monocytes 1 per cent. On admission Oct. 13, 1943: W.B.C. 
1600, R.B.C. 1,030,000, Hb. "S-O Gm., reticulocytes 3 per cent, platelets 228,000 
(normal 750,000), liem’atocrit 10, JMCV 97 e.mm., JICH 34, 5ICHC 35 per cent; 
corrected sedimentation index 0.2 mm. (normal); erythrocyte fragility range 
■112-.341 (normal); icterus index 7; van den Bergh iioi-mal; supravital differ- 
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ential, PjMN 36 per cent, PME 18 per cent, lymphocytes 38 per cent, monocytes 
8 per cent. Chest x-ray, electrocardiogram and liver and kidney function tests 
showed no abnormalities; basal metabolic rate +15. Adrenalin test: W.B.C. 
1,450 to 10,250; R.B.C. 1,300,000 to 1,700,000; Hb. 5.3 to 6.5 Gm., platelets 
313,000 to 911,000. Bternalhone marrow: hyperplastic grossly ; myeloid : erytli- 
roid ratio, 4:1; supravital differential; neutrophilic myelocytes “C" 67 per 
cent, eosinophilic myelocytes “ C ” 20 per cent, lymphocytes 5 per cent, clasmato- 
eytes 2 per cent, megakaryocytes 3 per cent; normoblasts 30 per cent, late 
erythroblasts 20 per cent, early erythroblasts 22 per cent, megaloblasts 28 per 
cent, no foreign or atypical cell types seen. Splenectomy, Oct. 21, 1943, with 1 
c.e. adrenalin injected directly into the splenic artery prior to ligation of splenic 
pedicle: preoperatively, W.B.C. 2100, PMN 798; postoperatively AV.B.C. 17,000, 
PMN 7,140; R.B.C. 1,100,000 to 2,010,000; Hb. 4.3 to 7.8 Gm.; platelets 255,000 
to 1,157,000. Spleen weight 475 Gm.; no perisplenitis or adhesions, no infarction; 
supravital studies, hypersequestration of PAIN, PAIE, R.B.C., and platelets with 
increased number and activity of phagocytic elasmatocytes; no hematopoiesis. 
By fourteen days postoperati\mly : W.B.C. 9,000, PAIN 3,780; R.B.C. 3,050,000, 
Hb. 9.5 Gm.; platelets 4,740,000/c.mm. Clinical improvement was dramatic 
and has continued to the present time. First normal menses, Jan. 30, 1944. 

Aire. D. K., aged 24 years, was admitted as a medical emergency to the 
Hematologic Service, University Hospital, Avitli vague symptoms for six months, 
subacute for four weeks, and acute for seventy -two hours. Increasingly pi'O* 
found prostration with tachycardia, palpitation, dyspnea, precordial pniih 
marked pallor with questionable fluctuating icterus during the last ten days, 
and nausea and vomiting for seventy-two hours, were the presenting complaints. 
The spleen extended to the umbilicus. F. H. negative. Admission hematologic 
data; W.B.C. 2,100, PAIN 420, myelocytes “C” 210; R.B.C. 820,000, Hb. 2.8 
Gm., platelets 16,000 reticulocytes 69 per cent, icterus index 100, van den Bergh 
indirect, 3.69 ; urobilinogen, strongly positive. Sternal bone marroiv: grossly 
hyperplastic Aviith microscopic pan-hyperplasia for all normal elements. Sple- 
nectomy Avas successfully accomplished fiAm hours after admission ; preoperative 
and postoperative data, Avithout blood transfusion, Avere as folloAVS: AV.B-C- 
2,100 to 4,950; R.B.C. 1,010,000 to 1,990,000, Hb. 2.8 to 5.6 Gm., platelets 16,000 
to 114,000. Hematologic and clinical iraproA-ement continued in parallel Avithoiit 
complications, the patient being discharged on the tAvelfth postoperative day 
A summaiy chart of the five eases sIioaa's similar cellular response folloAVing 
splenectomy. 

DISCUSSION 

Dr. Howard L. Alt, Chicago, 111. — These observations of Doctor Doan are 
of unusual interest. I saAV a patient last July, a Avoman aged 62 years, wdth a 
similar condition. The red blood count Avas 1.56 million; Avhite blood ’ 
2,900, and platelets, 55,000. The icterus index Avas 12 units and the retieuloc> e 
count, 4.8 per cent. The bone marroAv Avas normally cellular, the myeloid ;er} >- 
roid ratio Avas 4:1, and there Avas some .shift tOAvard maturity in the nonne- 
blastic cells. 

PolloAving splenectomy early in August there Avas gradual improvement m 
the blood picture and all the elements returned to normal levels in a 
Because of the nature of the bone marroAV pattern and the slow recovery, it n 
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thought that the hematopenia was doc to spJciiic mhibitioii of i)oiic marrow fuiie- 
tioH. 

lu going over some of oiir cases of panerlopetua *.feu m the past, there are 
several tliat could he elassificd as primary spleoie paiiOenjatopeiiia. They were 
originally diagnosed as primary I’efractoiy aneinm uoli liyjJercelluiar marrows. 
Splenectomy deserves more extensive trial in tins groiip of patients. 

Da. Fr,\.n'K If. BETiJEi.r,, Ann jVri>i>r. Mu'h — 1 *,[if)uid like to ask Doctor 
Doan how lie interprel.s tiie itcsults of the adM-nalni test in determining the 
indications for .spieneetomy and if he performs pinnuni'c hiojisies of the spleen 
on his patieiit.s hefure advi.sing spieneetomy 

Da. li, l\r Hia.N'i.E, Cleveland, tihio — \\V have Inid two ca.se.s similar to 
Doctor Doan’s which have hoen relieved In sjileneelomy so far as the neutrophile 
count is concerned, fn one patient a pre-esistine anemia was improved after 
sidenectom.v and in one it was not. I wonder lion Doetor Doan explains the 
absence of evidence of licinoI,v.si.s ? It was absent in oiir patients and in all of 
Doctor Doan’s patients except tlie l.asl one reported this morning. 

If the .sole patliologie physiology is seipicsiralion in tlie spleen, I wonder why 
there Is .soinetime.s considerable delay in the return of the neutrosihiles after 
splenectomy 1 This was Irne, particularly, in onr two tiaticnts; in one the 
neutrophiles’ increased .slowly over a period of one year. It would seem to me 
that if .se<iHestration were tlie only factor, flic nciiti'oiihilos should increase 
promptly after splenectomy. Also, in view of tl/e well-known almormal spheric- 
ity of the erythrocytes in faniillat heinoiytie anemia. I wonder wiiether splenic 
s^eijUMt ration can he considered to he the prineipal ilisfinhance in this disease 
Similarly, it i.s not pos.sihlc to e.xplaiii all the features of idiopathic throm- 
hoeytopenio purpura on thus basis, 

Du. C. <f. Watsox, Jiinneaiiolis, Jlinn. — I think it miglit he empiiasizcd 
that liemoiy.sis doc.s occur in excess' in an apprcciahic numlier of eases of wliat 
is de.si<piated as refracloo' or aplastic anemia. If one studies hemoglobin metab- 
olism in patients with this diagiio.sis it will often be found that there is an 
increase of red cell dc.stniction. In our experience this has commonly been cyclic 
in character, sometimes in excess of a two- to fourfold magnitude and then again 
in a fairly normal range. Tire reticulocytes arc not inerca.sed as they are in the 
characteristic case.s of hemoiytie jaundice. On the other liand, they arc often 
not decre.ased as one might expeet tliom to he with hone marrow liypoplasia. 
Counts of 1 to 3 per cent are not uncommon. TTc have hod a few such patients 
spleneetomized hut we liave not seen any enduring benefit following splenectomy. 
\Ve have a record of one patient witii'a remission of aliont four months. The 
blood picture did not return to normal but improved so markedly that trans- 
iiusions were unnccc.ssar,y. Then the anemia recurred and the patient went on to 
esitu.s, AVe have evidently not abseiwcd the type of ca.se to liave had the good 
results Doctor Doan iias noted. 

Da, Doaa- (closing). — In aiuswcr to Doctor BetlieU, the adrenalin test, we 
feel, will usually reveal quite accnrately the type and degree of cell sequestra- 
tion which is cnn-ontly occurring in the splenic parenchyma. Thus is approxi- 
mately proportional to the size of the spleen, Furtlierniore, at the operating 
table it lias been showm tliat flic total number of cironiating cells in the splenic 
artery is greater than the number found in the splenic veins, confirming the re- 
servoir function of this organ. The histoli^ically verified presence of increased 
mitnbers o£ highly phagocytic clasmatocytes, containing recognizable blood cell 
elements corresponding to" the specific cellular- deficiencies which exist in the 
Peripheral blood, give good reason to suspect this meehaiiism of abnormal ceil 
ueatruetion. AVhen tiio bone marraiv is found to bo hyperplastic for the identical 
cell types, without evidence of delayed or abnormal maturation, an unusual 
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demand for these elements may be assumed. Finally, when successful sple- 
nectomy is followed by an immediate and sustained increase in all circulating 
blood cell elements, the primary pathologic role of the spleen in such sjmdromes 
would seem to be fiimily established. 

We prefer not to risk intraperitoneal hemorrhage from direct needle aspira- 
tion of the splenic pai’enchj'ma through the intact abdominal wall unless the 
adrenalin test and sternal marrow aspiration together fail to reveal the desired 
information. 

With reference to Doctor Heinle’s remarks, I did not mean to infer that 
splenic sequestration and clasmatocytie destructive phagocytosis were the sole 
mechanisms whic ■ . ■ ■ . to circulating blood cell deficits. There are, 

of course, other .. — = . actors which must always be evaluated. Ee- 

tieuloeytosis, or an increased icterus index ndtli positive indirect van den Bergh, 
are not necessary as criteria of excessive red cell destruction or hemolysis. Doctor 
Watson emphasized this in his diseu.ssion. The hepatic and renal thresholds for 
pigment disposition are extremely important in this regard. As has repeatedly 
been emphasized, the integrity of the bone marrow must be known in each in- 
dividual ease. When the spleen is the sole primary pathogen, complete and 
permanent recovery follows splenectomy; when secondarily eontributoiy only, 
partial re-equilibration only maj' be expected. 

THE ANEMIA IN EIGHT ADULT PATIENTS WITH SCUEVY 

Eichard W. Vilter, JI.D., and Robert il. Woolford, 3I.D. (By IsviT.mox) 

Cixcix.YATi, Ohio 

In the Cincinnati General Hospital recently we have observed ten male 
adults vitli scurfy, eight of whom had anemia. Hemolysis appeared to be one 
causative factor because of the accompanying retieulocytosis and moderate 
hemolytic jaundice. There was no evidence of iron deficiency or of external 
bleeding. In each case the anemia and the other lesions of scurvy responded 
to the administration of A-itamin C. These observations are reported because the 
existence of a specific anemia of scumy has been questioned. 

Red blood cell counts ranged from 1.74 to 3 million and hemoglobin levels 
from 5.8 to 10.5 Gm. The cells Avere normocytic normochromic or moderately 
macrocytic hyperehromic. The AA'hite count Avas under 6,000 in five patients. 
Differential Avhite counts Avere normal. Platelets occurred in normal numbeis. 
Initial reticulocyte levels ranged from 3 to 10 per cent except in tAvo patients m 
Avhom initial counts of 1 per cent Avere obtained. 

Bone marroAV obtained by sternal aspiration appeared liypocellular in some 
patients, normally cellular or slightly hypereellular in others. There Avas a 
relatiA'e increase in the number of red cell progenitors, the majority of Avhich 
Avere at the normoblast and late eiythroblast maturation Ica'cIs. The granulocyte 
series Avas eytologieally normal. 

Icteric indices ranged from 10 to 22; the urine contained excess urobiimogen 
but no bile; and the blood serum gaAm tlie indirect A’an den Bergh reaction m 
each instance. The extent of ecchymoses, hoAvever, could not be correlated with 
the degree of jaundice, nor Avitb the severity of anemia, and no increase in eechy- 
moses occurred after the patients Avere hospitalized. 

In the hospital these patients Avere fed a diet free of vitamin C and low m 
the vitamin B complex. Specific medication Avas Avithheld for from tw’o 
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fourteen days «utU mental torpor and iinpeiidins shock mode the administration 
of vitamin G imperative. 

Before vitamin C administration was heifuti, <-i \tfnfK'v{e eoimts and hemo- 
globin Ie\els remained unclianged in six patirnis and deereased in two although 
tlie reticulocyte counts remained elovale<l or r<isc sl<iwi>-. 

After daily administration of 500 mg of iitamni i\ two i)atients showed a 
rise in reticulocytes fi-om 5 to 10 per cent and fioo» 2 to 19 per cent, the peak 
\alue, on the sixtJi and tenth days, respi'ctively. In the otlier six patients, initial 
higli reticulocyte levels were maintained for six tft ten da\s. Red blood eeU and 
hemoglobin increases liegan one week after (he mitiai dose of vitamin C. Within 
three weeks, the levels rcaeiied 3.5 million and 12 5 I Ini or more in all patients. 
Icteric indices beeanie normal when the I'ed cells l»*<*aii to rise Repealed bone 
marrow aspirations on four patients shoue«l reversion to normal 

mset'sstoN 

^ Du. 0. J. W.VT.SON, Minneaptdi.s, Minn — Tiiese aie extjcmely interesting and 
mstnietivo eases but I must object to the \ lew that llnw art* necessarily hemolytic. 
I agree fully that the findings suggest hemolytie anonna I'robilinogenuria, how- 
ever, docs not suggest Iicmolysis. There are many eleur-eiit cases of Jiemolytic 
anemia without urobilinogcnuria. and, conversely, then* .in* many with urobilino- 
goinuia without increa.sed iicmolysis. The itiea that urobilinogcniiria is pathog- 
nomonic of hemolytic anemia .shouhl he abandoneil. The findings suggest that 
there w’as considerable hepatocellular dysfunction In addition to that, there 
may have licen hemolysis. I agree that the incivaseil ictii'uloeyte.s are sugges- 
tive of the latter. 

Dr. Jonx L. Stipel, Toledo, Ohio. — Could salieylate.s have been an etiologie 
factor in aip^ of tlicse patients? I have in mind a patient wlio twice developed 
anemia siniilap to this after having taken a course of salicylates for rheumatoid 
arthritis. The second time she developed this in spite of large dose.s of ascorbic 
acid. 

pR, Armanu J, Quick, Jlilwaukee, Wis — I would like to ask whether the 
bleeding time lest was done, also a. tourniquet tost, and, if positive, how soon the 
latter responded after vitamin C thei-apy. 

Question: I would like to ask if a fragility test wms done. 

Dr. Stanlev E. Dorst, Cincinnati, Oliio. — Doctor Vilter, earlier in his 
discussions, indicated that previous investigatoi's studying C deficiencies alone 
did not encounter the symptoms he describes. I w’onder wliether or not he was 
iiplc to determine any reasons for the discrepancies between their results and 
his conclusions. 

Dr. Vilter (closing). — I expected to liave Doctor Watson question the data 
tavoring henioly.sis. Since June we have been waiting for another patient with 
scurvy so that wc might obtain stool urobilinogen levels. Unfortunately such a 
patient has not appeared. 

Liver function tests were done because wc %vondercd whether hepatic dys- 
tunction was responsible for the urobilinogenuria. The prothrombin times, 
hromsulfalein excretion, and cephalin fiocculation tests were essentially normal, 
the moderately low serum albumin levels could easily be explained by dietary 
protein deficiency. 

There was no specific liistory of salicydate ingestion, and I do not believe 
saiicybam played any part in the pui-pura or anemia. 
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We did not carry out bleeding and clotting times routinelj". Those that were 
done were normal. Tourniquet te.sts were abnormal, but we did not repeat them 
during treatment. The tourniquet test is not sufficiently specific for use in the 
study of scorbutic patients. 

I have wondered many times why our results and those of jMettier, Minot, 
and Townsend differ from Loesner’s and otliers who believe that vitamin C 
plays no part in hematopoiesis. It is possible that those patients who- had hema- 
tologic remissions before vitamin C was administered differed from our patients 
in the degree of vitamin C depletion. All our patients who were put to bed on a 
diet very low in vitamin C invariably became much worse. Loesner apparently 
had no such difficulty with much longer control periods than ours. Possibly bed 
rest alone led to improvement. Similar remissions have been observed frequently 
in patients with pellagra when put to bed on a B complex-deficient diet. 


THE INFLUENCE OF DICUMAEOL ON PLATELET ADHESIVENESS 

Maryloo Spooner, M.S. (By Invitation), and Ovid 0. Meyer, M.D. 

Madison, Wis. 

In 1941 H. P. Wright presented a method for measuring the adhesiveness of 
platelets, that is, their tendencj' to adhere to eaeli other or to surfaces with whicli 
they come in contact. Slie reported tliat a number of in vitro anticoagulants 
would cause a decreased adliesiveness and tliat the decrease was proportional 
to the amount of anticoagulant used. 

The method consisted of rotating blood in glass tubes and making platelet 
counts at various intervals of time. The tube was constructed in such a way 
that the sides, which were formed by cover slips held in place with petroleum 
jelly, could be removed and stained. Tlie rate of fall of the platelet count was 
taken as a measure of adhesiveness; the less rapid the fall, the less sticky were 
the platelets. 

In this study an attempt was made to determine w'hether dicumarol, an m 
vivo anticoagulant having no in vitro action, would cause a similar decreased 
adhesiveness. 

Dicumarol was given to each of thirty-three patients for a period of six 
days. The dosage was gauged by means of prothrombin time determinations 
in which Pohle and Stewart’s modification of the Quick method ivas used. 
Usually, four determinations of platelet adhesiveness were made on each 
patient, one before the administration of the drug, two during, and one aftei- 
ward, when the effect was beginning to decline. 

It was found that dicumarol produced a definite decreased adliesiveness as 
measured by the method of Wright. In general, the greatest decrease m 
platelet adhesiveness corresponded to the greatest prolongation of prothrombin 
time. The drug produced no change in platelet count per se, an observation 
previously reported. The data presented constitute additional evidence in favoi 
of dicumarol as a prophylactic agent of thrombosis. 

DISCUSSION 

Dr. Richard K. Richards, Chicago, 111. — I would like to ask Doctor 
if he believes there is any relation between platelet adhesiveness and b o ^ 
viscosity and, second, how heparin affects the adhesiveness with the same 
cumstances and the same technique. 
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Dk. !Meyeu (closing). — Helen Wrighl noted thni heparin decreased the 
adhesiveness of tJie platelets; proportional to the ih*se of heparin, it decreased 
the adhesiveness but did not lead to eomplelo disaj>pearnnce of this function. 

I cannot answer the (piestion regai'ding hh»o«l s isi-osity 

BLOOD AND BONE MAUKtiW FL\'Dl.\(iS IN INFECTIOUS 
MONOXn’Lhh )S(S 

Louis R. Limahzi, M.D., Cnu*\uo. In... Lin u vw-r .Jkbomk T. Paul, 
Lieutenant Coeonei. Roufut M .1oni-<, ('okh^. Army of 

THE United St.\tks i By Invitation), woH it Ponchfr. 

M.D. (By Inmtation t. Cmk u.o. Ii.l 

Detailed studies of tlie Idooti and Imnc niariow wciv performed on a group 
of twenty-five patients witli infeetit>ns nHnionneKv'Ms durni'i various stages of 
the disease. Eighteen men and sewn wonii'ii ciinipn.sed tlu* group. Fourteen 
ranged in age from 16 years to 26 years, four weie less tlian 10 years of age, 
and one was over 30 years of age No .Negriu's were ohser\cd m this scries. 

Tile Jcucoeyle count varied hetw-een l» 22,000. in ten patients the 
count was less than 10,000 and two of these had a wlnte count below 5,000. 
Only one patient had a count of o\er 2(KOOO A normocytic anemia was seen 
hi three patients and a severe mieroeylie and hyj>of))roniie anemia was obacr\’ed 
iu anotl^er. The platelets wove normal in luiinbcr in most ]jatients and moder- 
ateiy increased in several. The sedimentation rate was increased in sivteen 
patients. The atypical or abnormal lymphoeyte.s whieh cliaraetevizo the disease 
varied between 30 and S2 per cent. Moderate to muihed toxic neutrophiles 
with a moderate shift to the left in the ncutroplnJic jneture ^Yas seen iu all 
patients. 

Tlic hcteropliile antibody reaction was po.si!ive in thirteen patients, and 
negative iu six; the lest was not performed in the remaining six patients. A 
fake-positive "Wassermann reaction was not observed. 

Tlie bone marrow' was hyperplastic in twenty patients and a quantitativeij 
normal marrow was observed in five. The crythroid ti.ssue was normal, except 
in the patient with the microcytic and hypoehi’omic anemia in whom the bone 
marrow revealed a normoblastie hyperplasia. The megakarj'ocytes were normal 
or increased iu number and showed a normal maturation dispei'sion. The mje- 
loid elements besides being increased in number revealed a moderate to marked 
degree of granulopoietie immaturity. Immaturity was never carried to the 
stage of myeloblastie involvement. The atypical lymphocytes of the peripheral 
blood were conspicuously absent from tiie concentrated bone marrow material. 
The presence of a few atypical lymjdiocytes as well as a few normal lymphocytes, 
monocytes, and most of the mature granulocytes was due to sinusoidal dilution 
(peripheral blood), Tliere is no evidence that the atypical lymphocytes which 
characterize infectious mononucleosis have their origin from cells in the bone 
inarrow'. The atypical lymphocytes lack the malignant characteristic that is 
seen in cases of leucemia, where the b’mphocytes replace and crowd out the 
formal bone marrow elements. 

One ease of infectious mononucleosis {hetcTOphile titer of 1 :1792) was seen 
ill a 25-year-old female with pulmonarj' tuberculosis. The leucocyte count 
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reached a peak of 15,500 with 69 per cent atypical lymphocytes. The bone 
marrow was in the hj^ierplastic group. The infectious mononucleosis cleared 
up, but the pulmonary tuberculosis became progressively worse and eventually 
required surgical therapy (thoracoplasty). 

It is concluded that (1) in spite of the large number of atypical lympho- 
cytes in the peripheral blood in infectious mononucleosis, the bone marrow is 
not involved; (2) the bone marrow reveals a myeloid hyperplasia and imma- 
turity. Either the "toxic agent” acts on the bone marrow to produce a myeloid 
hyperplasia and suppresses their delivery to the peripheral blood or the sup- 
pression of the myeloid cells results in a myeloid hyperplasia; (3) the atypical 
lymphocytes in infectious mononucleosis show none of the metastatic or replace- 
ment characteristics of leueemie cells; (4) in contrast, in patients with acute, 
subacute, and chronic lymphatic leueemia with many abnormal lymphocytes in 
the peripheral blood the bone marrow reveals moderate to marked replacement 
of the normal bone marrow elements. The replacement characteristic of leu- 
eemic cells in lymphatic leueemia is seen in the bone marrow when the leucocyte 
count in the peripheral blood is leucopeuie, normal, or increased in type; and 
(5) sternal puncture is of diagnostic aid in differentiating benign and malignant 
types of lymphocytosis. 

INFLUENZAL ENCEPHALITIS 

G. 0. Broun, M.D., R. 0. Muether, M.D., Henry Pinkerton, M.D. 

(By Invitation), and Marg^vret LeGier, B.S. (By Invitation) 

St. Louis, Mo. 

Leichtenstern, in 1890, described an encephalitis believed due to influenza. 
Since diseoveiy of influenza virus, no reports have appeared of its isolation from 
clinical cases of encephalitis. The case here reported was apparently caused 
bj”^ a virus resembling in some way' influenza virus. 

The patient, a white man, 51 years of age, became ill in Januaiy, 1944, 
when influenza Avas prevalent in St. Louis. His illness Avas characterized by 
fever, severe headache, somnolence, anorexia, nausea, and vomiting. There 
Avere fcAV neurologic findings, practically no neck rigidity, and conjunctivitis 
and reddening of the phaxynx Avere the chief physical findings. The patient 
had a respiratoiy illness, resembling mild influenza, six Aveeks prior to onset 
of headache. 

Spinal fluid shoAved a cell count of 366 leucocytes and 100 erythrocytes per 
cubic millimeter. Leucocytes A\mre practically all lymphocytes; protein, 160 
mg. per 100 e.e. ; Kahn and Wassermann tests, negative. Spinal fluid Avas 
bacteriologieally sterile. 

The patient’s serum Avas tested for the titer of antibodies against influenza 
A and B Aurus employing the chicken cell agglutination test of Hirst. A titer 
of 1/1025 against influenza virus type A Avas found sixteen day's after onset of 
illness, dropping to much loAver levels tAA'o months later. The titer against m- 
fiuenza type B Avas much loAver. 

Spinal fluid Avas inoculated in eggs pre\'iously incubated for tAvelve days 
and subjected then to an additional forty-eight hours of incubation. The fluid. 
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yolk, and embryo of these cjrgs tested by tlie metJiod of Hirst showed positive 
agglutination of chicken cells, a phciioiiienon sugifcstiiig the presence of in- 
fluenza virus. The positive test ])ei'sisled through seven series of egg transfers. 

The material from the inoculated eggs, after the third transfer, produced 
pneumonia by inlranasal inoculation in mice, the pathologic [)ietiire being similar 
to pneumonia produced by known inlliietiza \iriis Many of these pneumonic 
lungs wore bacteriologically sterile. Intracerebral inoculation of this egg mate- 
rial produced a fatal illne.ss in mice with ])athologK' evidence of a mild enceph- 
alitis. 

The agglutination of chicken cells by this agent was not inhibited by laiown 
influenza, type A or type B antiserum but w'as inhibited by the patient's own 
serum in a dilution of 1/250. Tin's suggests a serologic difference between this 
agent and knowai strains of influenza virus. It resemble.s intliienza virus in its 
aVilUy to agglutinate chicken cells xiiid in the patliologic lesions produced. 

DISUCSSIOX 

Dr. Tho.m,vs Fuancls, Jr., Ann Arbor, Jtieh. — I think it quite important 
to emphasize the rc.scrvation that has been made in the presentation of tins 
evidence. Regardless of how many similar agents one can show*, one cannot 
say jt is the influenza virus. Tliere are many things tJiat might be equally 
attributed to mouse pneumonia virus. It has b(*en reported by one group that 
mouse pneumonia virus will eau.se agglutination of mouse red colls. 

In our experionee with a large group of spinal fluids from individuals with 
mild neurologic disturbances at the time of illnes.s, %vc were unalfle to got any 
evidence of an encephalitic virus being present I think it is still important 
to accept this as encephalitis duo to an undcsignated virus until the evidence for 
influenza virus is more iirccisc. From the abstract I think it is a question 
whether this might be called encephalitis clinically, since the .signs are mucli 
more suggestive of meningitis than of true encephalitis. 

Dr. Broun (closing). — Wc realize the difficulty which Doctor Francis .sug- 
gests, namely, that there arc viruses wliich occur spontaneously in mice which 
lyfll cause pneumonia. We have gone back to the original egg material several 
tunes and succeeded in transmitting tlic disease to mice each time. 

We are leaning very heavily on the Hirst chicken cell agglutination test 
as evidence for the pre.sence of hiflueiiza virus. This test w’as positive in in- 
oculated eggs prior to any moxisc passage. Failure of known influenza A and 
B antiserum to inhibit chicken cell agglutination by this agent means that we 
cannot demonstrate its serologic identitj^ with either of these strains of influenza 
■''irus. It might, howevex’, be a serologically different strain. 

I do not think that the clinical picture suggests meningitis more than en- 
cephalitis. Usually in meningitis there is a distinct neck rigidity and a higher 
spinal fluid cell count would be expected. The patliologic picture produced by 
this agent in the brains of inoculated mice was not tliat of a meningitis. Known 
influenza virus gave a pathologic picture both in brain and lungs of inoculated 
mice similar to that produced by this agent. I realize that these pathologic pic- 
tures are not too specific. 
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EPIDEMIOLOGIC OBSERVATIONS ON THE USE OP GLYCOL VAPORS 

FOR AIR STERILIZATION* 

Edward Bigg, M.D., B. H. Jennings, B.S., M.E. (By Invitation), and 
P. C. \Y. Olson, B.S. (By Invitation) 

Chicago, III. 

The clearly established bactericidal and virucidal activity of glycol vapors 
on air-suspended microorganisms suggested tiie use of these materials as a new 
means for attack on the problem of control of air-borue infection. Studies on 
the engineering aspects of practical application were carried out, following which 
we were able to proceed with installation of apparatus for vapor generation 
and distribution at a military cantonment. This field trial was conducted to 
determine if the incidence of air-borne disease could be reduced b.y the treatment 
of living quarters with triethylene glycol vapor in effective concentration. 
Studies were made on three groups of 640 men, observed for six-week intervals 
and equally divided into test and control, the former sleeping in glycol treated 
quarters, the latter in untreated dormitories. We were able to demonstrate the 
following findings: (1) the apparatus maintained adequate glycol concentra- 
tions (0.0025-0.004 mg. per liter of air) and optimum relative humidity; (2) an 
over-all reduetion in bacterial air contamination was obtained with practically 
complete abolition of hemolytic streptococci from the treated dormitories; (3) 
the incidence of positive throat cultures (hemolytic streptococci) fell sharply in 
the test groups at the end of the six-week observation period ; there was endence 
of prevention of spread of these organisms in the test quarters; (4) reduction in 
incidence of those diseases believed to be disseminated by the aerial route lyas 
effected; these infections included common cold, catarrhal fever, influenza, 
measles, mumps, scarlet fever, rheumatic fever, acute tonsillitis, chicken po.v, 
acute sinusitis, and pneumonia. The over-all reduction for the full six-week 
period was 12 per cent. However, when the final seventeen days of each period 
was studied a reduction of 64 per cent was noted. We believe this to be due to 
tivo factors; one, the possible increase in length of incubation of respiratory in- 
fections brought about by the unusual conditions existing in military groups, 
and two, the lowering of infecting doses (lessening of air contamination) in the 
treated barracks as compared to the control, thus permitting those individuals 
ivith a moderate degree of immunity to escape disease. 


‘Work done under contract with the Office of Scientific Research and Development. 



HEKHDITV 01.' THE Kh EliOOI) TYPES 
IV. JIl.UlCOI,K(i.\I. Al'l'Llt'.MlON IX 01' DiSl’UTKU P.MIKNTAIIH 

Ai,i:.\axui:ii S. Wikxkh, Jl.l)., and Em; B. Soxx 

UUOOKIAX, N. V. 

IN A iiiccecling data wore preaeiited on Die Kh hloud tvpos in a sorio.s 

1 of mnoty-.sevon fainilio.s with 275 oliildren. Only a .single contradiction wa.s 
found to Wiener’s tlieory= of six major allelic gene.s, and in this case the clnld 
ni question proved to he illegitimate. The original investigation did nut yield 
siimeient data to test the theory adeipiately with regard to the rarer genes, 
1 and Uh , hut in a snhsequeiit jiaiier' a luimhcr of pedigrees were jire-seiited 
winch inehided individual.s hearing these rare .genes. In the meantime, we 
have aeennittlated an additional series of families in which the bloods were 
Icsted tor the Kh types, and the principal imriiose of the ])resent laiiier is 
to record these newer results. 

In our fii-nt study on tlie heredity of llie Hh lilood ty])es, we id.so repoi’tcd 
Inejity-tlii’ce medicolegal eases in which tests were carried out for Rh tyjies 
uell as for tiie jV-B groups, Ai-A« suligroups, and M-N types. In the present 
paper we propose to describe seventy-nine additional cases and to discuss tlic 
reliability of llie Uh tests when applied in eases of disputed parentage 


MATKIU.M^S AND MKTHODS 

^ The blood samples tested in the heredity studies were obtained from two 
iiiam sources: (1) families of ac(|uaintunces, tccbnician.s, and i)aticnts, and 
{•^) tamiiies wliicb were investigated because it was susjiected tlmt one or 
more of the children bad congenital hemolytic disease (erythroblastosis fetalis). 

by latter accounts for the relatively large number of fuinilies with Rh-negative 
niolhcrs. The medicolegal eases came from various courts in New York City, 
^■■•ipecially the Court of Sjiccial Sessions, and also included private cases and 
».'ase.s referred by courts outside of New York City. 

Tile techni(juc of iierforming tlic grouping, snbgrouiiing, !M-N, and Rh tests 
las been described in detail elsewhere*’ “ and will not be repeated here. With 
iegard to the nomenclature of the Rli tyjies and Rh antisera, see Wiener.''’ ^ 
A number of families was also examined for agglutinogen P. The serum 
used in these tests came from a patient who liad developed anti-P agglutinins 
‘is a result of repeated blood traimfusions. This case is reported in detail in 
another paper® in which is also described the technique of performing the tests. 


KESULTS 

In Table I arc presented the results of the grouping, .subgrouping, !M-N, 
and Rh tests in a series of 91 families with 161 children. In tlie first 2-1 families, 
U’ crc also carried out for agglutinogen P. 

York nh°l** U\e Serological Laboratory of the Office of the Cbief Medical Examiner of New 
t a Blood Transfusion Division of the Jewish Hospital of Brooklyn. 

Uy grants from the United Hospital Fund of New York City, and from the 
Council ^°'‘P°*'atIon thiough the Committee on Human Heredity of the National Research 

Heceived for publication. March iZ. 19 13. 
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In Table II, the hereditary transmission of the Rh types in the ninety-one 
families is summarized.^ With onl}"- a single apparent exception (Family 46), 
the results conform with the theory that the eight Rh types are transmitted 
by a series of six allelic genes, RJii (or Rho), Rho (or Rh„''), Rh', Rh", Rho, 
and rh. In view of the importance of the apparent exception to the theory, 
this case will be described in detail. 

Q'able II 


SunitAny op FAiin.Y Material op Table I 


JtATING 

NUMBEi: 1 
OP I 

FAMILIES i 


NUMBER OP CHILBPwEN 

OP TYPES 


Rh- 1 

Rh, 1 

Bh, i 

Rli,Bh, 

1 Rb„ 1 

Bh' 1 

TOTALS 

Neg. X Neg. 

0 

5 

0 

0 

0 

0 

0 

5 

Neg. X Bh, 

no 

12 

.36 

0 

0 

4 

0 

52 

Neg. X Rh, 

10 

9 

0 

13 

0 

0 

0 

‘^*2 

Neg. X Eli,Eh.. 

11 

(1) 

10 

6 

0 

0 

0 

17 

Neg. X Rho 

2 

0 

0 

0 

0 

2 

0 

O 

Rh, X Rh, 

10 

1 

16 

0 

0 

d 

0 

17 

Rh, X Rh, 

7 

2 

•» 

1 

6 

0 

1 

13 

Rli, X Rh,Rh. 

0 

d 

10 

0 

1 

0 

0 

11 

Rh, X Rh„ 

1 

1 

0 

0 

0 

0 

0 

1 

R!i, X Rh' 

o 

0 

o 

0 

0 

0 

0 

O 

Rli, X Rh" 

\ 

n 

0 

0 

1 

0 

0 

1 

RIlj X Bh, 

1 

n 

0 


0 

0 

0 

• 1 

Bh, X Rh.Rli, 

1 

0 

1 

3 

4 

0 

0 

s 

Rli^Rh, X RUiRh, 

4 

0 

1 

1 

3 

0 

0 

5 

Bh,Rh. X Bh„ 

1 

0 

1 

0 

0 

0 

0 

1 

Rh,Bh, X Rli' 

1 

0 

0 

0 

1 

0 

0 

1 

Totals 

91 

31 

80 

27 

16 

6 

1 

161 


The mother of Family 46 was admitted in labor to the obstetric ward of Bellevue 
Hospital with the following history. Her iirst pregnancy had resulted in a normal male 
child who was 6 years old and well, while the second had resulted in a normal female cliilil 
who was 4 years old and well. Neither of these two children was available for examination. 
The patient’s third pregnancy had terminated two and one-half years ago with a stillborn 
male infant. At that time the woman was found to be Bh negative with strong anti-Rh 
agglutinins in her serum, indicating that the stillbirth was a manifestation of hemolytic 
disease. The present pregnancy was her fourth one. Tests were carried out on patient and 
husband and it was found that the husband belonged to type Rh,EIu. It therefore ap- 
peared certain that the expected infant would liave hemolytic disease because it had to be 
Rh positive. Much to everyone’s surprise, the newborn infant proved to bo normal in every 
respect. Serologic tests then showed the child to be Rh negative which explained why >t 
had escaped the disease, but this raised a new problem because this finding was contrary 
to the expectations under the genetic theory. When the patient was confronted with these 
facts she practically admitted that her husband was not the father of the infant. 


No contradictions Avere encountered to the laws of inheritance of the blood 
groups, subgroups or M-N types in any of the families. Inasmuch as only 
a few studies have been carried out to date on the heredity of the agglutinogen 
P, our results in twenty-four families have been summarized in Table HI- 
It will be seen that our findings conform with the theory that the agglutinogen 
P is transmitted as a simple Mendelian dominant.^® 

In Table IV, we have summarized the data from our pedigrees illustrating 
the transmission of the rare gene Rh' and Rh," which were reported in a 
previous paper as already mentioned. In Table V we have combined tiie data 
of Tables II and IV with the family data presented in our first genetic study 
of the Rh blood types. It will be seen that to date we have detennined the 


•In two families (2 and 18) there were individual.s with blood giving 
reactions* For the sake of simplicity, data on the.se individual.s are included 
together with the data on the type Rhi individuals. 


intermediate 

in Table II 









in:iu:i)iTv ok tiih ru ni.ooi) TvrMs 




Table III 


Hlisedity ov Ancii.UTixooEX p ix Fvmimes of Tvble I 


MATIX(! 

xrxiuu; 

OF 

FAMIUES 

1 I'lIILDlEEX 

1 ■•+ 

1 I 

TOTALS 

P+ X P+ 

1:5 

29 


■]0 

P+ X P- 

9 

19 

.■3 

24 

P- X P- 

'2 

0 

4 

4 

'i'olals 

2i 

IS 

12 

(iO 


.S^IM^tAI:V OF 

Pamii.y Mviijiial h:om 

Sti ov 

<>F Sons' 

AND WlENED 



1 Nt’ltUKii 

1 








^tATlX(l 

1 OF 







1 FAMILIES I 

Rh - 1 

Rli, 1 Kli 

1 . Rh.Rlu 1 Hh„ 

1 nil' 

Rli" 

1 TOTALS 

N'eff. X KU' 

1 


1 

0 0 

9 

n 

1 

9 

.> 

-N’CC. X nil" 

1 


1 

9 0 

9 

0 

9 



Hli, X Rh 

1 


0 

I 9 

9 

0 

0 

0 

1 

Kli. X Hli.Iili. 

1 


9 

0 2 

•* 

0 

0 

0 

19 

Kli, X lUi' 

1 


9 

I 0 

0 

0 

0 

n 

1 

nil, X Rli" 

j] 


1 

2 0 

•1 

0 

0 

0 


nil. X nil' 

1 


n 

9 9 

9 

1 

1 

0 


Totsils 

9 


IO 2 

4 

1 

2 

3 

27 





Tabu: V 







SUMMAIIY 

OF AtTuous* Family Mm'nni, to Dvte 




I.SUMUKh 










OF 


, 

NI'MIIKB OF I'HILPKEN OF 

TYPES 




KAMI* 










1 LIES 

Kh- f Rh. 

, 1 Rh. 1 Ith.Rh, 

1 Rli.. 1 

Rh' 1 

Rh" 1 

TtyTALS 

bCB- X Nog. 

4 

14 0 

0 

0 

0 

0 

0 

14 

pi'j;. X Rh, 

40 


•r, 73 

0 

0 

7 

0 

0 

103 

X Rh, 

10 

10 0 

20 

0 

0 

n 

0 

.10 

h’cg. X nil, nil. 

13 

( 1 ) IS 

14 

0 

0 

0 

0 

3.1 

X RIi„ 


:i 0 

0 

0 

3 

0 

0 

(1 

Nog. X nil' 

2 


j 0 

(1) 

0 

0 

1 

0 

3 

X Rh" 

1 


1 0 

0 

0 

0 

0 

0 

0 

nil, X Hh, 

2(5 


j 62 

0 

0 

4 

1 

0 

72 

nil, X nil. 

21 




18 

n 

2 

0 

48 

nil, X nh,Bii. 

27 


0 40 

8 

23 

0 

0 

0 

79 

nil, X Ri,„ 

1 


1 0 

0 

0 

0 

0 

0 

1 

Ml, X Rir 




0 

0 

0 

n 

0 

3 

Ml, X HI,” 

4 


1 2 

0 

n 

0 

0 

0 

fi 

Ml. X Ri,. 



1 0 

4 

0 

n 

0 

0 

5 

Ml, X Rli,Kli. 




s 

8 

0 

0 

n 

1.8 

Ml. X Rh. ■ 




1 

0 

4 

0 

0 

3 

Mi,Mi, X Rh.Rli, 

10 


n 3 

1 

17 

0 

0 

0 

21 

X Rlu 



0 1 

1 

0 

0 

0 

0 

2 

nii,Rli, X Rh' 

0 


0 1 

1 

2 

0 

0 

0 

4 

Ml. X Rh' 

1 


0 0 

n 

0 

1 

1 

0 

2 

Totals 

197 

f)9 220 

00 

73 

19 

5 

5 

403 

l)loo(l types in 197 families with 463 children, 

. In the 

entire 

series 

tlierc 


• uijij Lwo appaienr exccimoiis mi: wj. 

V the parentheses in Table V), both of which liavc been readily explained 
because the children in question were shown to be illegitimate. 

JIEDlCOLEG.Vli APPLIC-VTION'S 

Our family studies on tlie Rh blood tj-pes as well as statistical studies on 
the distribution of the types in the general population” have proved the accu- 
racy of the theory of six allelic genes beyond any reasonable doubt. Jforeov' 
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Table VI 


Kesults op Tests in Cases op Disputed Pakentage 


CASE 

PUTATIVE EATHEU 

MOTHEK. 

CHILDREN 

INTERPRETATION 

1* 


A,MNRho 

A,NRU„ 

A,MNEh„ $ 

No exclusion 

2 


OilRlu 

AjilNBii. 

OiilNRh' 

OMNRh-^ 

A,MNRli,9 

No exclusion 

No exclusion 

4 



OAtRU, 

a) OMNRU. 3 

b) OiINEh,EU,^ 

c) OMNRU.Rlu's 

None of the cUildren ex- 
cluded 

5* 


A.NRIi„ 

OltINBIi, 

A,MNR1i,3 

No exclusion 

« 


AiBAINRli^Rli, 

OilNElij 

BilBlt,RU. $ 

No exclusion 

7 


A.,MNRh, 

BJilNRli, 

A.BMNRUs$ 

No exclusion 

S 


A^NRli. 

A.NE1^ 

OMNRU. 9 

Excluded by AI-N te.sts 

Sit 


BAINBli, 

BMNBli- 

BMRU„ 

No exclusion 

10 


A.BMNRh, 

OMNBh, 

:i) BMNRU.9 
b) BMNBlt.5 

Neitlier child e-xeluded 

11 


A,MNRli. 

A,AINRh, 

A.MNBU, 9 

No exclusion 

12 


OlMRh, 

BNRh.Rli. 

A,MNRU,3 

Exclusion by A-B-0 tests 

i:: 


OMNEli, 

OJilNRh, 

OMNRU. $ 

No exclusion 

14 

a) 

h) 

OlilBh, 

A,MNBh, 

OMRlii 

02irRU,9 

Neither nian excluded 

15 


A^MN-Bli, 

AjMNRh.Rh. 

A,NBKRU, S 

No exclusion 

16 


BMRh, 

OMRli, 

OMRU, 9 

No exclusion 

17 


AililRlii 

A,BMNRli, 

a) BMRli, ^ 

b) BNRU.^ 

Second child excluded by 
M-N tests 

IS 


A,NBli.Rli, 

OMNBli, 

OMRli, $ 

Excluded by M-N tests 

Ifl 


BMNRU, 

OMNRli'- 

BMNBU, $ 

No exclusion 

20* 


OjMNB1i„ 

A,NRlt, 

A,MNTtli„ 9 

No exclusion 

21 


OMRIt,Rii. 

BMNRti, 

OilNR^Rlu9 

No exclusion 

22 


BNBh- 

OMBli, 

OMNRU- ^ 

No exclusion 

sh 


OiMNBii, 

BMBii, 

BMB^S 

No e.xelusion 

24t 


BHINRh^ 

ONRh- 

a) B]MNRU,9 

b) BMNBU- 3 

Neither child excluded 

25 


A. ,MNEli. 

OMNRli- 

AjMEU, 3 

No exclusion 

26* 


OMBh„ 

A,NRh„ 

A,MNRU„3 

No exclusion 

27t 


A,BlirNRli. 

BNRlio 

BNRU-3 

No exclusion 

2S 


OMRli, 

A,MNRU, 

a;nrihB1i, 

A.MNBIl.9 

No exclusion 

29 


A.MNBh. 

A,iINBlu3 

No exclusion 

80 


Aj'BNRh, 

A^'jIRli, 

A.MNRli.' 9 

No e.xelusion 

81 1 


AjMRli. 

BNTMi, 

A.MNEU,3 

No exclusion 

32 1 


OMEh.Bli. 

A.;MR1i, 

A.MB1l, 9 

Exclusion by A,-A, 

33* 


A,NBli,Bh, 


jV,BMBU„ 3 

Triple exclusion by .4,-.4-i 
M-N, and BU tests 

34 


ONRl^ 

A, ,MRli, 

A. .MRU- 3 

Exclusion by M-N tests 

35 


A^MNBli. 

OitBli, 

a) OMNRli. 9 

b) OMNRU- 3 

Neither child excluded 

36* 


OMRU, 

BMNRU, 

BMRli.9 

No exclusion 

37 


OAINEh, 

A^MRli, 

OMRU, 3 

No exclusion 

38 


ONRli- 

BiSCSlRh, 

BNBU. 9 

No exclusion 

39 


A.NRli- 

A,MNRti. 

A,NEU, 3 

No exclusion 

40 1 


AjUtBli, 

OMNRh, 

OMBU. 

No exclusion 

41 1 


A^AINBli. 

A,MNBh, 

A,NRU, 

No exclusion 

42 


A,MNEli. 

A^MNEli, 

A,MNBU.BU.9 

E.xelusion by EU tests 

43 


A^'MRh.Rh, 

OMRh, 

A.'MBU, 3 

No exclusion 

44 


OMNRli, 

A,MBli- 

Aj^IRhj $ 

No exclusion 

45 


A,MRh, 

A,lirRli, 

A,MRli.EU,9 

No exclusion 

46 


OMNEltiRli. 

OMNRh, 

OMNRU. 9 

No exclusion 

47* 


A,NRU- 

ONRtio 

ONBU„3 

No exclusion 

48 


OMRh, 

BMNRh,BU, 

BMRlt,Rli.9 

No exclusion 

49 


OMNRU, 

OMNRli- 

OMNBU- 9 

No exclusion 


•Negro. 

tKaee not known ; blood samples received by mail. 

JMan, Chinese ; woman, Negro. 

|Man, Negro : woman, white. 

BAI-N tests on baby not reliable because ot blood transfusions. 
UMan, American Indian; woman. Negro. 

••Twins. 
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T.\i>i.i: VI — Coxt’d 


CASK 

PUT.VTIVK FATHKi: 

.MuruKi: 

<'iiiMnu:v 

INTEItl’IIJ.rATION 

oO 

BMRll. 

O.MRli, 

' 9 



OMNIUj, 

OMNRh, 

ONRh- i 


.y2§ 


OMNRli, 

O.MNRI 1. 9 



A,MNRh,Rli, 

O.MNRh,Rli, 

ORh,Rli.<J 

No exclusion 

jt* 

.\,MXRli, 

.V,NRli- 

BMNRh, 

A,BMNllli, $ 

No exclusion 


O.MRI 1 , 

O.MNRI 1 , 9 

No exclusion 

.')() 

O.NfNRh- 

A,NRli, 

ONRh.^J 

No exclusion 

7)7 

O.MNRh, 

O.VRh- 

OMNRh, <5 

No exclusion 

o'i 

03D;R1i, 

OMNRJi- 

OMNRh, 

No exclusion 

j‘i* 

O^^NRh, 

A.MNRli.Rli, 

A,MUli,9 

No exclusion 

i)(l 

A,BMNKh, 


A,BNRh,9 

No exclusion 

lil 

.V-MRhi 

.V,3LVRli, 

A,MRh,9 

No exrlusion 

02* 

IlMRIi. 

A.NRlio 

A,MNRh„,5 

No exclusion 

0 ;;* 

A,NBlij 

A,MRli, 

AjMRh.Rh,^ 

Double exclusion by Jt-N 
and Rh tests 

04 

A.MRli, 

.\,MNHh,Rh, 

OMNRh, 

No exclusion 

lij* 

OMXRh- 

O.MNRli„ 

a) OMNRh„9 
l>) OMNRh., 

Neither cliild excluded 

0(3 

HMRI 1 , 

OMRIi, 

BMRh, 9 

No exclusion 

or*; 

O.MRli, 

O.MNRIi„ 

BMNRh,,^ 

Exclu.sion by A-B-0 tc-ts 

(tSt 

A,M.\RIi, 

A,MRli, 

.V,MNR)i, 

No oxi’lusion 

0l» 

RNRIi, 

ONRh. 

nNRIi,Rh.9 

No exclusion 

70 

OMNRli, 

A,MRli,Rh, 

A,MNRIi,ilh, 9 

No exclusion 

71 

iniXRli, 

A,MRIi. 

BMRh,<J 

No exclusion 

72 

OMNRh.Rli, 

OMNRh, Rh, 

.V.NRh,,i 

o.mnrR;J 

Exclusion bv A-B-0 tests 

7:u 

OMNRli. 

OMRh, 

No exclusion 

74 

nMNRh.RlL 

A,MNRli. 

.V,BMNRli,Rli,^ 

No exclusion 

73* 

.\,NRh, 

OMNRh, 

u) ONI«>„<t 
b) A,MNRh„9 

Neitlier cliilil excluded 

7(3 

OMNBh, 

O.MNRIi, 

OMNRh, 9 

No exclusion 

77’ 

RMNRIj.RIi, 

AJlMNRIi, 

BMNRh, 9 

No exi’lusion 

7S* 

ONRli, 

DMNRlio 

a) A,BMNRh„5** 

b) B.MRIu3** 

Fif'.t child oxoluded by 

A B tests; second child 
excluded bv M*N tests 

70 

A.MNRli- 

.\,NUh. 

A.MNRh" X 

No exclusion 


Kace and co-woi'kcrs,‘- ■working? iiidei)endciitly in England, liave collected data 
in a series of fifty-six families with ninety children, all conforming witli the 
expectations under tlie tlieory. Therefore, the medicolegal application of the 
Idi blood tyj)cs in cases of disputed parentage is justified and, as has already 
been mentioned, for the past eighteen months we have carried out Rh typings 
routinely togctiior witli the groui)ing, suhgrouping, and AI-N tests in all cases of 
disputed parentage. In Table VI, .seventy-nine new cases of disputed paternity 
are listed wliicli, together with our previously reported series of tweiily-tliree, 
bring our total beyond tlie 100 mark. 

The aj)plicatioii of the Kh types for tlie exclusion of paternity is based on 
the following laws of inheritance: 

1- The factors Rho and Rii' and Rh" arc transmitted as simple Jlendeliau 
doiuiiiauts and therefore cannot ai>pear in the blood of a child unle.ss present 
1*1 the blood of one or both parents. In applying this law it must be home 
in niind that while there arc three Rh factoi’s, there are five agglutinogens, 
Rh', Rhi, Rli", and Rh^, where Rhi contains the factors Rho and Rh' 
logether and Rha contains the factors Rh© and Rh" together. While agglutino- 
Sens Rhi and Rh 2 are usually transmitted as units by the corresponding genes 
and R/ij, in occasional individuals (genotype if/ioRh' and RhoRh") the 
factors will exist as distinct agglutinogens that segregate genetically. Therefore, 
while agglutinogens Rlu and RI 12 will usually behave as if they were simple 
i^Rudelian dominants, there will be rare families where the child ^vill belong to 
fJTe Rhi (or type Rh 2 ) and yet neither parent will have the agglutinogen Rhi 
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(or Rh"). For example, in the rai'e mating llh„ x Rh', usually one-fourth of the 
children will give reactions corresponding to typo Riii. 

2. Parents belonging to type RhiRha or the rare type Rh'Rh" cannot have 
children belonging to type Rho or Rh negative. Similarly, parents of types Rli„ 
and Rh negative cannot have children of type RhiRh^ or Rh'Rh", This law is 
obvious because parents of types RhiRli^ and Rh'Rh" must transmit one of the 
genes Rhj, Zf/ij, Bit', or Bh" to each child, while ])arents of types Rh„ and Rh 
negative can transmit only either an BIi„ or rh gene to each child. 

3. Further exclusions of parentage are possible when more than one child 
is available for testing. For e.xample, in the mating Rhi x Rh negative, if there 
is one Rh-negative child, then the Rlu parent must belong to genotype Bhjrh, 
and children belonging to any type other than Rhi or Rh negative will be ex- 
eluded. On the other hand, in the mating Rhi x Rh negative, if there are any 
children of types Rh„ or Rh', there can be no Rh-negative children. This law 
will rarely be applicable in medicolegal eases because these usually involve 
o!ily a single child. 

The value of the Rh tests in eases of disputed paternity can be gleaned from 
the fact that whereas previously, with the aid of the A-B-0 and M-N tests, a 
falsely accused man had one chance in three of proving his innocence, the Rb 
tests have raised the chances of exclusion to approximately 45 per cent. In the 
present series, the accused man was e.xcluded by the Rh tests in three eases. In 
one case (63) the man was also e.xcluded by the HI-N tests. The second case 
(33) is of interest because even though the mother’s blood was not available for 
testing, the accused individual, a young Negio lad, was excluded by three sepa- 
rate tests. He belonged to subgroup Aj and the child to subgroup AiB ; he be- 
longed to type N and the child to type M; and he belonged to type RluRlb' and 
the child to type Rho. In the third case (42), the man was excluded by the 
Rh tests where the other tests were inconclusive. Together with our previously 
reported e.xclusion (Case 3, Wiener, Sonn, and Belkin’) there were two cases 
among our total of 102 cases, in which the man vvas excluded by the Rh tests, 
but the woman’s false accusation might have been believed if we had had to 
depend only on the A-B-0 and M-N tests. 

It may be of some interest to point out that there was one exclusion in- 
volving the subgroups of A (Case 32). In another interesting case (25) the 
blood of the putative father, who belonged to group A, gave intermediate re- 
actions with the absorbed B serum; the mother belonged to group 0 and the 
child to subgroup Ai. The difference in reactivity between the blood of the 
putative father and child with the absorbed B senun was not considered evidence 
of nonpaternity because of the limited knowledge concerning the hereditai) 
transmission of the intermediate subgroups of A. 

OTHER APPLICATIONS OF THE rIi BLOOD TYPES 

The Rh blood types are also useful for the individual identification of ficsh* 
wet bloodstains. The common blood groups and subgroups give rise to six typ^ 
of blood, the agglutinogens M and N determine three types of blood, with 
senim two types of blood can be di.stinguished, while with the three varieties ^ 
anti-Rh sera and with anti-Hr serum, eight types of blood caii^ be is « ^ 
guished (disregarding the rare types Rh'Rh" and homozygous Rh'), so 
in all 6 X 3 X 2 X 8 — 288 varieties of human blood can readily be diflferen la t 
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In ii provious paper" it was sliown tlia! tlic RIi j^encs are not sex-linked and 
most likely are carried in a dift'creiit pair of ciironiosoines from tJie A-B-0 and 
.I/'iV j^enes. Tiio discovery of the existence of six major alleiie j^ones in tlie RIi 
series has materially increased the value of these tests for linkaj^e studies in 
human frenetics. 

A third aj)plieation is in relation to (lie problem of siipei’feeundation. If an 
Uh-nefjativo mother j,mve birth to triplets each beloiifiinjj to a dilferent lih lyiie, 
this could only be explained l>y assuniin-r (hat at least two of the triplets had 
ilinVrent fathers. 

rOMMKN’T 

In this paj)er, for the sake of simplicity, we have confined tiie jiresentation 
to (lie six standard j^eiies and tlie eifjlit Uh types wliich they determine. No at- 
tempt has been made to diseuss the Hr factor or Uaee and Taylor's'"' raiv lift,, 
and Bh; j;enes or the rare intermediate ^enes descriiied 1)\ Wiener.® The 
existence of these rare j^enes eom[)licates the Ii4*redity mechanism, niakinjf it 
necessary to apply the second law of iiilioritaiicc with some re.servation, although 
»Jo qualification is necessary for exclusions of paternity Iiascd on tlie first law. 

^Yith regard to the nomenclature of the Rh genes and types, at first a num- 
hcred .sy.steni was used hy us, Imt the present nomemOalure was substituted as 
soon as tlio .serology and genetics were worked out. Murray's"' eontcntion that 
the discovery hy Race and Taylor of their I{h„ gene makes neee.ssary a total re- 
vi.sion of the nomeuelature is fallacious, heeause the present de.signations can 
pu-sily he extended to include any additional genes that may possibly lie en- 
countered (ef. Wiener"). Incidentally, there was no need to change the names 
of the groups and subgroups or the M-N types when the rare genes .dj and Nj 
were di.seoverod. Aside from the fact that Murray’s designations do not take 
cognizance of the special serologic and genetic positions of tlie anti-Rho and 
anti-IIr sera in relation to aiiti-Rh' and aiiti-Rh", they introduced two hypo- 
thetical sera which most likely do not even exist. Finally, it hardly seems a 
^implication to call blood of type RhiRh^ while Rh-negafivc blond 

w ‘le.signated by Alurray as “450.” 


SUJIiMAKY 

Data have liecn presented on tbo Rli typc.s in a scries of ninety-one families 
With IGl children. A single apparent cxceplioii to the theory of six allelic genes 
ha.sheen sliown to lie due to illegitimacy. These data combined with previously 
Puhlislied result.s make a total of 197 familie.s with 4G3 cliildren tested by us 
^or the Rh blood types. The satUfaetory agreement between the obseiwations 
and expectations under the theorj^ justify the medicolegal application of the 
tests for tlie exclusion of paternity. 

To date, in 102 cases of di.spufed paternity, to.sts for tlie Rh tj'pes have 
•'('en carried out togetlior with the usual A-B-0, Ai-Aj, and iVI-N tests. In four 
*^‘ises the accused man was excluded by the Rli tests; in’ two of tlicse cases lie 
"■as also excluded liy one of tlie other tests, but in two cases the woman’s false 
accusation might liave Iicen believed had the Rh tests not been performed. 
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THE RELATIONSHIP BETWEEN CHANGES IN SERUM PROTEIN 
CONCENTRATION AND THE PLASJIA VOLUJIE 
IN NORMAL SUBJECTS 

R. H. Lyons, M.D., S.D. Jacobson, M.D., and J. L. Neerkin, JI.D. 

Ann Arbor, Mich. 

INTRODUCTION 

C HANGES in the concentration of the serum proteins have been used as an 
index of alterations in the volume of the plasma. This is based on tlie con- 
cept that, in the absence of capillary damage, tlie amoiuit of protein in the blood 
stream remains constant. The demonstration by ifadden and Whipple,* tliat 
serum protein is in a state of “dynamic equilibrium” and may be added to or 
taken from the blood stream with ease, would suggest that the plasma protein 
concentration would not necessarily be a good index of increases or decreases m 
the plasma volume. 

This is a report of a comparison between induced changes in the plasma vol- 
ume and the accompanying variations in the total iirotein concentration and the 
total circulating protein in normal subjects. It indicates tliat the changes m 
serum protein concentration fail to reflect proportionate alterations in the plasma 
volume because, under these cireumstauees, serum protein may be added to oi 
taken from the blood stream. 


methods and material 


The subjects were normal medical students or ambulatory hospital patients, 
in good health at the time of the obseiwations, who had been on a routine hospi- 
tal diet for some time. As far as could be determined at the tiiiie of the studies, 
they were in a good state of nutrition and normal hydration. None had had pie 
vious edema or cardiovascular or renal disease. 


From the Department o£ Internal Medicine, University of Michisan Medical 
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Incroasos in lliu i)Ijisni;i volume givatci* Ihjin 5 per cent wore produced in 
forty-four inslaiicos by llio daily oral administratioii of 20 Gin. of sodium bi- 
carbonate, or 25 Gm. of sodium chloride,- the administration of desoxyeorti- 
costerone acetate intramuscularly,® or tlio iiif»e.stion of larj^e amounts of water. 
Deeicases in the plasma volume gi'ealer than 5 i)er cent were produced on forty- 
one occasions by the administration of aiiinioniiim cliloride/ mercui)urin,® or 
both, and by simple dehydration. 

Plasma volume determinations were iiuide Ijy tlie method of Gibson and 
ijvelyn.® Fifteen to twenty-five miiuile.s wore allowed for tlie mixing of the 
dye ami subsequently six samiiles were taken under oil at five- to six-miniite 
intervals. Tiie serum protein concentration was determined by the falling drop 
nietliod of Barl)our and Ilainilton’ on the serum drawn for the plasma volume. 

All i)Ia.sma volume detcmiinations were made in the morning u'ith tlio pa- 
tient supine in the re.stcd postabsorplivo .state. Following the initial determina- 
tion, the subject u’as placed on a regime affecting the M'atcr and salt content of 
the body and the determinations repealed twoiity-foiir, forty-eiglit. or seventy- 
two hours later under the same conditions. The subjects receiving only large 
amounts of water remained in the rested fasting .state hut had the determina- 
tions repeated in from three to five houi*s- 

From the product of the i)]a.sina volume and tlie eonccnlration of serum 
pi'otcin per 100 e.c. of .scrum, tlie total amount of protein present in the serum 
Jiiay 1)0 calculated. Since the plasma volume varies with tlie size of the indi- 
vidual, the extent of alterations in the plasma volume, serum iiroteiii concentra- 
tion, and total circulating protein are for the purpose of comparison expressed 
as pci'eenlago change from tlie initial determination. The relationship between 
alterations in tlie.se llireo factors lias been studied l)y a comparison of tlie mean 
percentage change M'itli increases and decreases in tlie plasma volume, liie co- 
efficient of correlation, and by a comparison of the individual changes to the 
standard error of estimate from a linear rcgrc.s.sion for increased and decreased 
pla.sma vohiine and for tlie two groups combined. 

The determinations of the plasma volume, serum protein concentration, and 
total circulating protein remain quite constant from day to day in normal sub- 
jects following tlieir usual daily routine. In Table I is shown the reliability 
of the determinations in control subjects on wlioiu ob.servations were repeated 
on successive mornings. 

Tarij: I 

CiiAN'GKS Found in CoNTiiorj Subjects With Determinations Made on Succe.ssive 

MORNINflS 



NUMUER 

OrCAlREU 

OBSERVA- 

TIONS 

JIEAN rKR- 
CENTACE 
CUANOB 

(per cent) 

bTAND.VKD 
PEVIATION 
OP MK.\N 

(per cent) 

STXNDARD 

ERROR 

OP 

MEAN 

PKOBABEK 

I.VCIDENI'E 

OP I’JIANOES 

GREATER 
TUAN +5 
PER CENT 

PROUABI.I 
INI'IDENCK 
OP ('irANGE.S 
GREATER 
THAN -5 
PER CENT 

Plasma volume 

oo 

+0.G8 

2.S0 

0.01 

0.07 

0.02 

iotal serum protein 13 

-O.GO 

3.49 

1.0 

0.06 

0.11 

concentration 
Total circulating 
protein 

13 

+0.28 

3.71 

1.07 

0.10 

0.08 

Hematocrit 

22 

-0.78 

2.63 

O..)0 

0.02 

0.06 

blood cell vol- 

22 

-2.33 

4.78 

1.04 

0.06 

0.30 
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MEAN CHANGES 

ST. ERROR ±.98 ±.92 ±.9I 

StOeV 6.42% 6.01%' 5.94% 

MEAN +14.02% -5.31% +760% 

15— 

10 
5 
0 

PERCENT 
CHANGE 

0 
5 
10 

,5- B 
20 — 

MEAN -18.21% +12.71% -9.80% 

ST DEV 9.50% 11.26% 9.50% 

ST ERROR ±1.50 ±1.78 ±1.50 

Kig. 1. — Mean percentage change in plasma volume, serum protein concentration, ami 
total circulating protein in normal subjects with induced increases and decreases in plasma 
volume. 



Serum Total 
Plasma p>rotejn Circulating 
o ome Concentration Protein 





O _inaiviaual variations in the percentage change of serum protein concentration and 
“ plasma volume and their relation to a linear reg^ression. 
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ii]:i>ULTs 

The nieaii j)oreeiita^^e eliajigc in the pJawaa volume, serum iJi'etciii con- 
eentratioii, aiul total eireulating protein for eacli group of observations are 
shown in Fig. 1. The total circulating ])i*otoin was altered in the direction of 
tlie shift in phtsma volume. Tlie mean percentage cliange in total circulating 
protciji rei)re.sontcd about 54 i)cr cent of the mean percentage variation in tlie 
lilusma volume in both groups. The serum protein concentration failed to re- 
flect the extent of the alteration in the plasma volume. This was especially 
true with increases in the jilasnia volume where the mean percentage change 
in serum protein concentration i^*prescnled only 37. S jicr cent of the mean 
alteration in tljc plasma voln/ne. 

The variation in the ivlativo changes in the plasma volume and serum pro- 
tein concentration may be better visualized by a ginjih of the individual ob.serva- 
lions (Fig. 2). It will be noted that with decreases of plasma volume, the 
.scrum protein concentration changed considerably, witii large incon.sistent 
variations. Increases in the pla.sma volume, on the other band, were associated 
with small decreases in tiie concenti-atioii of scrum protein which, in all but 
four of the subjects, cliaugod le.ss than 10 per cent. It is aiiparent from an in- 
spection of tliis grapli that a linear relationship between percentage ebunge in 
plasma volume and serum jirotein eoncentration for both groujis may be de- 
•scribed only with considcrplile error. 



The coefficient of correlation between the relative variation in plasma vol- 
ume and serum protein concentration was satisfactory when both groups were 
combined but of no significance in either group alone, indicating that there ap- 
pears to be only a directional change in serum protein concentration with change 
plasma volume, A prediction of the change in plasma volume directly from 
ebiuigc in serum jirotein concentration would not only be subject to eon.sidorable 
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killed bactcl'ia ceils could be coated with antigen and that such antigen-coated 
cells made possible tlie detection of extremely small amounts of antibodj'. Their 
studies have been limited to virus diseases and so far as can be determined, tlie 
principles tliey described have not been applied to other antigens. It was de- 
cided to attempt to coat bacteria with tuberculin for the purpose of developing 
a quantitative precipitin test against tuberculin. 


PROCEDURE 

Prcpuraiioii of Bacteriul Suspension. — So'ruhci nwrcescens were used be- 
cause of their small uniform size. One cubic centimeter of a twenty-four hour 
broth culture of the bacteria wuis seeded onto plain agar in a Kobe flask and in- 
cubated for twenty-four houi's. It was then washed off with physiologic saline 
adjusted to a pH of 6. The bacterial suspension was centrifuged and washed- 
twice with the physiologic saline. After the final washing the bacteria were us- 
pended in 20 c.c. of neutral distilled water and killed with flowing steam. This 
is the stock cell suspension and will keep indefinitely if stored in a refrigerator 
at S° G. 


Preparation of Old Tuhcrculin Solution. — Standard conunercial old tuber- 
culin solution (iXIulford) was used. The tuberculin was diluted to 0.5 per cent 
by placing 0.5 e.c. of the old tuberculin in a 100 c.c. sterile volumetric flask and 
diluting to the mark with sterile physiologic saline. This solution is used as a 
stock solution and will keep for months if stored in the refrigerator. 

Preparation of the Antigen. — The nitrogen content of the stock cell sns- 
pensiou and of the 0.5 per cent old tuberculin solution was determmed by acid 
and superoxol digestion and nesslerization. The cell suspension was diluted so 
that the nitrogen content was the same as that of the dilute old tuberculin. 
Equal iiortions of each, that is, dilute cell suspension and 0.5 per cent old tuber- 
culin. were mixed and incubated at 37.5° C. for twelve liours. The old tuber- 
culin was adsorbed on the cells in this interval. The mixture was then centrifuged 
and the coated cells thrown down. These were washed twice in saline to remote 
any excess or free old tuberculin. The coated cells were finally suspended in 
physiologic saline (pH 6) to a density equivalent to a reading of 70 on the 
Klett-Summerson photoelectric colorimeter, using a green filter (540 mu). 
suspension was used as the antigen for the test. 

Test. — The test proper was done as follows: 

Blood from the subject w;is obtained in the usual manner, observing aseptic 
pi'ccautious. The blood was placed in a sterile tube and. after clotting,^ 
serum was carefully removed. It may be stored in the cold indefinilel.^ n 
of eoutamiuatiou. 

Serial dilutions were made of the serum ranging from 1:S to 

Then 0.5 e.e. of antiseii was added to 1 c-c. of each or the serxuu n w 


more, rucu o.o c.c. oi anugen uuutvi lu j. v-'.. ...y.. — 

The tubes woi'c sliakcn vigorously for five minutes (Kahn shaker 
and incubated at 37.5° 0. for two hours. The test was read at tliK ^ ^ 
placed in a refrigerator at S° C. for twelve hom-s, and rewcad anci c 
lowed to warm up to i-oom temperature. ^ j 

Positive tests were manifested by a fine granular preeinita-e 
against a blue light iu a darkened room. ^ ^ 

^xinit-able controls were carried out using untreated celts and dilau ^tady 
ntigen and saline controls. During tae early 5 i..-c= ox 
** ' . : control was carried out in all dilutions, ou; ni 
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PRECIPITIN TEST FOR TUBERCULIN ANTIBODIES- 

R. 0. Muether, JI.D., and Willum C. Macdonald, M.D. 

St. Louis, Mo. 

'"pHE use of tulierculin in the diagnosis of tuherculosis has not been too sat- 
1 isfactoiy since it is not, strictly speaking, a quantitative test, and the 
amount of antibody which develops in the patient cannot be followed easily. 
The complement fixation test, too, has not been satisfactory. 

In 1940, Cannon and JIarshall* showed that tlie sensitivity of the ])recipitin 
test can he enhanced by the use of antigen-coated particles, and AVeir’’ applied 
tins tcdiniquc to the demonstration of antibodies against tuberculin However, 
the difficulties inherent in tlie production of uniform collodion particles make 
this test teehnically difficult. In 1941, Roberts and Jones* demonstrated tliat 

,^rom the Laboratory Section, Department of Internal Medicine, St. Louis University 
>3>-nooi of Medicine. 

Received for publication, Match 9, 1545. 

PTI..I '.Resented in part before the Sc\entccnth Annual Meeting of the Central Society for 
^imic.il Research. Chicago, Nov. 3 and 4. 1944. 
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, , it not the change in the plasma volume per se that con- 

^ ir: 

the subjects that the eonecntration of serum protein 

paralldmrthr decreases in plasma Wdt 

sultan, effort on Ike eapillatT ! ;, ■ ““ 

eoneenlrntion of serum protein won <1 ko less aMe !• 

plasma volume. It is also pos.sil.le 

remove reatlil.v excess protein Ironi the blood »<■“ i„„*d 

snlijeets. On the other hand, svitli retention o . , . 

volume of the extracellular (Imd may pla.v a 

plasma volume and tlie concentration ot seuim i ” tein is added to the 

Lsiderably. However, it would appear that .sufftcl n P is 

plasma so Iha. the osmotic etiuilibrium between I' the elev.l»l 
not ereatly altered ami the added protein also serves to nnuntai. 

tilasma volume. nrediction of tlw 

Becau.^e of the c-hauge in the of serum protein will 

plasma volume based on variations , , godi predictions of 

underestimate the plasma volume. In Fig. aie u„gg(i on the percentage 
the mean percentage change in the plasmia volii ‘ of the initial 

change in serum protein coiicentrutiou (Co nm ' ’ , xjo,i (Column 2), and 

pla-sma volume to the alteration in serum protein to the observed 

on the line of regression for these cases observed change in the 

change for these eases (Column 3) and compared to 

pla.sma volume (.Column 4). volume may be 

Although appro.vimatioii of the change in the p , j^,eineniherecl that 

from variation in the serum protein concentration, it s lo ^ylien the 

such approximations tend to underestimate the e ’ . gofficiently large. 

plasma volume is increased. The error of such pieoc i „tv;i. 

. . ,1 t „n„,.y.Hrvo in the serum piu 


loiiceiitra- 


plasma volume is increased, me crioi or i comm nrotein - , 

however, to suggest that the use of alteration in Q^gervations is no 

tion in evaluating changes in plasma volume m ‘ ,.oP,nie is r 

justified, e.speeially in instances wlicre the change m P • 

small. 


relatively 


SUMMARY 

1. A comparison has been made between changes in 1^ gjopty-five 
serum protein concentration, and total circulating pio ^ 

on normal subjects. _ . .^portion to 

2. The serum protein concentration is not alteie to the pjo®"’*’ 

change in the plasma volume due to the fact that protein is x i,i t le 


eliange m nm piasmu vumiiiv uiiv lu ‘ with decreases 

with increases in plasma volume or taken from the p asm a 

pla.sma volume. 


coll- 


ma volume. _ . protein _ 

3. Prediction of the plasma volume from alteration volun'o a" 

centration tends to underestimate the degree of change m P 


associated with considerable error. 


"We wislv to express appreciation to Drs. F. N. 
for their patient assistance in the statistical arrangement o 


, p S. 

ver, and 
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only tlic 1 :S borum dilution was used. These two control tubes, uaiuely, coated 
cells and saline and uncoated cells and serum, should always be included for 
each test. 

It is imperative that the followiii*? precautions be observed: 

1. Antigen, serum, and saline must be sterile. 

2. Antigen, that is, coated cells, must l)c pre\»ared daily or be kept frozen 
in a deep-freeze refrigerator at -20® C. 

3. The test must not be left in the refrigerator for more than twenty-four 
hours or false i>ositive tests will result. 

4. The preeijntate is extremely fine and requires great care and consider- 
al)lc skill for accurate reading. 


RESULTS 

Studies on Guinea Piys . — Twelve guinea pigs, after iiaving been bled from 
the heart for control tc.st, were inoculated into the liver with concentrated ma- 
terial known to contain tubercle bacilli. Two other guinea pigs were used for 
controls thro'nghout the oxiierimcnt. All animals were bled at weekly intervals 
after the preliminary or control bleeding. 

The results are given in Table I. The prclnninary lileeding and guinea 
pig controls were negative throughout. 


T.VBI.E I 


Developme.n't or Agglutixin Ao.mx.st Tcrfiutlix IS' E.'crrRiMEKT.vLnY Infected 

GUI.NE.V PIG.S 


OUINE.V PJO 

CONTROL 

FIRST WEEK 

SECOND WEEK 

THIRD WEEK 

1 


Nog. 

1:4 

1:4 

o 

Neg, 

Nog. 

Ncg. 

Neg. 

3 

Neg. 

Ncg. 

1:3 

1:2 

4 

Nog. 

1:4 

1:8 

1:10 

5 

Ncg. 

1:2 

1:4 

1:16 

() 

Neg. 

Died 


.... 

7 

Neg. 

1:128 

1.8 

1:32 

S 

Neg. 

1:1U 

1.33 

1:32 

9 


1:8 

1:10 

1:32 

10 


1.32 

1 :32 

1:128 

11 


1:8 

1:04 

Died 

12 


1:10 

1:G4 

1;12S 

Control 


Ncg. 

Neg. 

Neg. 

Coiitiol 

Neg. 


Neg. 

Neg. 


One animal of the twelve injected failed to develop antibodies and one an- 
hnal died during the finst week of the experiment Tiie other ten developed 
antibodies but tlie titers varied from 1 *2 to 1 :12S. It is possible that the low 
titers were the re.sult of the ovenvhelming infeetion. This point is now under 
study. 

Studies on Tuherculin-N egativc and Tuberculin-Positive Patients , — A groui) 
of individuals were skin tested witli old tuberculin and a sample of blood draAVU 
from each for agglutination test The blood was drawn before the skin test so 
that there could be no question of the antibody titer being disturbed by the 
old tuberculin. 

Tile sei'a of eight tuberculin-positive and eight tubei’culin-ncgalive i/a- 
tients were then subjected to the agglutination test with results given in Table II. 

It will be noted that only one tuberculin-negative individual had antibodies 
hi the serum while all of the tuberculin-positive individuals had positive; tests, 
although the titer was not high in any of these, ranging from 1:16 to 1:04. 
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KEPEttEXCES 

;■ ^0. p^eclpitutlve 


the serologic diagnosis op endemic typhus 

II. A CoMP.VRisoN OF IYatee-Batii and Icedox Fix.moN in the 
Complement Fixation Test 

Samuel R. D.uion, Ph.D.,* and JIary B. Johnson, B.S.f 
BIontgomery, Al.\. 

/jRi-oducfioii.— Complement fixation has been utilized in the study of a 
number of rickettsial diseases; for example, Rocky Mountain spotted fever,* 
lobia fever of Colombia (Rocky Jlountain spotted fever), “Q” fever of North 
America and Australia,* and endemic and epidemic typhus.*'* The reaction 
as been studied especially by Bengtson’ in an attempt to determine its useful- 
ness in the diagnosis of endemic typhus in man and by Brigham and Bengtson' 
in a comparison of various tests as means of diagnosis of the disease in e.xperi- 
nienfally and naturally infected rats. From the work of Bengtson it was con- 
e uded that the test was useful “in detecting recent and also past infection with 
endemic typhus virus” and that “the sensitivity of the test is indicated by the 
results with sera from cases in which infection occurred as long as nine years 
ago and as recently as seven days.” Likewise, the studies of Brigham and Bengt- 
son indicated that “the complement fixation reaction as applied to rat control 
programs should be a valuable aid in preventing the spread of endemic typhus 
to human beings.” 

The value of any serologic procedure as an aid in diagnosis depends on the 
wo factors of specificity and sensitivity. Obviously, it matteis little diow sensi- 
ive a test is if it laclrs specificity, and at the same time, its usefulness is limited 
1 its sensitivity is so low that it fails to give reactions except with relatively high 
titer serum. 

The Test . — The technique of the complement fixation test in rickettsial dis- 
uses has been described by Bengtson.* The reagents include guinea pig com- 
P eraent, anti-sheep cell rabbit hemolysin, and sheep red cells, antigen, and test 
serum. The antigen is a suspension of rickettsiae gromi in the yolk sac of fertile 
len eggs, following the method of Cox,® but this specially prepared suspension 
IS not essential, as Damon and Jolmson'* have shotvn that commercial typhus 
laceines are satisfactory substitutes for it. 

f Irt inactivated for one-half hour at 50“ C. and dilutions made in two- 

1 d steps ranging from 1 :4 to 1 ;512 or higher, if necessary, to reach the end 
Two-tenths cubic centimeter of serum with 0.2 c.c. of the proper dilution 

^ceivea for publication. Feb. 16. 1945. 

Director, Bureau of Laboratories, Alabama State Department of Public Health. 

Tbenlor Bacteriologist, Alabama State Department of Public Health. 
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of antigen, (containing 4 units) and 0.2 c.c. of complement (2 units) are com- 
bined and incubated for one hour at 37° 0. in a water bath. Subsequently, 0.4 
c.c. of a 2 per cent sensitized sheep cell suspension (containing 2 units of hemo- 
lysin in 0.2 c.c.) is added. The tests are then reineubated for one hour in the 
37° 0. water bath, placed in the cold room overnight, and read the following 
morning. The degrees of fixation are recorded as 4+, 3+, 2+, 1-t-, and trace, and 
the titer is considered to be the highest dilution showing 3+ or drf fixation. 
Serum, antigen, and hemolytic system controls are always included. 

With the technique described, the results previously reported^® were ob- 
tained. 

Piirpose of This Study . — The purpose of the present study was to extend 
the observations previously reported^® by maldng a comparison of the results 
obtained when fixation was carried out at 37° C. in a water bath for one hour 
and at 6 to 8° 0. overnight in the cold room. Our conclusions are based on the 
end points reached in determining antigenic titers of specially prepared 
rickettsial suspensions, commercial vaccines, diagnostic human serum from 
eases of suspected typhus, and rat sera collected in connection with the typhus 
control program. 

Results . — The end points reached in the titration of specially prepared 
I'iekettsial suspensions and vaccines, Avhen fixation was carried out in the water 
bath and the cold mom, are sho^vn in Table I. 

From Table I it is evident that it made no difference whether the product 
was a specially prepared rickettsial suspension or a commercial vaccine; the 
aaitigenic titer was always higher by icebox fixation. The significance of this 

Table I 

Antigenic Titers Obtained With Specially Prepared Bickettsial Antigens and Vaccine-s 

When Fixation W.as Accomplished by One-Hour Incubation in tke Water 
Bath at 37° C. and Overnight in the Cold Boom 









ANTIGEN dilution 






STRAIN 



37“ FIXATION 


1 



ICEBOX FIXATION 

SOURCE OF 
ANTIGEN 

OF 

RICK- 
: ETTSIA 

i 

1:4 

1:8 

1:16 

1:32| 
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observation lies in the fact that by using this technique a greater dilution of 
the antigen may be made and for a given number of tests a smaller amount of 
the undiluted antigen will be required. 

In Table II are shown the results obtained when diagnostic human sera were 
titered by both procedures. As a matter of interest, the Weil-Felix end titers 
ar-e included, together with the complement fixation results in two instances 
where second specimens were requested. In every instance it is obvious that 
the icebox test is more sensitive, as indicated by the degree of fixation obtained 
or tlie dilution of patients’ sera in which a reaction was observed. In the two 
cases cited in which second specimens were submitted by the doctor, this differ- 
ence in sensitivity is especially noticeable. Both of these sera were completely 
negative on first examination when tested by the water-bath procedure, but both 
gave a suspicious reaction in the icebox test. The validity of these suspicious 
tests is sho^vn by the results when the second specimens were examined, as find- 
ings in both patients were positive in high dilutions of the serum. Such results 
are, of course, highly significant in a diagnostic laboratox’y (Table II). 

Finally, there is to be considered the matter of the examination of blood 
from wild I'ats, as this is especially important in epidemiologic and control 
studies. The use of the Weil-Felix I'eaetion in this connection has been reviewed 
by Brigham and Bengtson,^ who concluded from their own work that the test 
was, at most, infrequently positive in the areas studied. On the other hand, 
they remarked that the complement fixation test “as applied to I’at control pro- 
grams should be a valuable aid in preventing the spread of endemic typhus to 
human beings.” With this in mind, then, it is highly important to use the 
most sensitive technique available, and the results we have obtained with rat 
sera using water-bath and icebox fixation are shoxvn in Table III. 

As was the case with human sera, the results from rat sera indicate in all 
instances a stronger reaction in the tests when fixation was accomplished at ice- 
box temperature. By this technique it also appeare that in certain specimens a 
degi’ee of reaction may be anticipated, although the same sera are completely 
negative when tested at water-bath temperature. 

CONCLUSIONS 

With the technique now recommended, comparative complement fixation 
tests, carried out at water-bath and icebox tempex-atures, yield results definitely 
in favor of the latter. In some instances the titers of the sera are considerably 
highex’, in other instances some degx’ee of x’eaction is obtained though parallel 
tests at watex'-bath temperature are completely negative, aixd in all instances the 
titers have been at least equal to those obtained at 37° C. This greater sensi- 
tivity of the icebox technique is especiall 3 ’' important in a diagnostic laboratory 
in detecting sera having minimal concentx’ations of antibodies as shoxvn in the 
cases cited where second specimens showed maxlcedlj’’ rising titex’s. 

In our expex'ience no difficulty’^ with anticomplementary x-eactions has been 
erxcountered except in sera that -were old or possibly contaminated, and the con- 
trols have always been satisfactoxy. It is not our intention to imply, howevei’, 
that the tecluiique cannot be improved, aixd studies now in px’ogx’ess are directed 
toward that end. It is our belief, howevei’, that in a diagnostic laboratory 
complement fixation for the detection of endemic typhus infection is best carrie 
out at icebox temperature. 
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COMPxMlISON OP IN VITRO AND IN VIVO 

OP A STRAIN OP HEMOLYTIC STAPHYLOCOCCUS AUREUS 

Hemsn -WAllMElt, A.B., AND JovcE Amluxen, A.B. 

San PiiANCisco, Calif. 

'T’ESTS in vitro' to dotorniiiie tlic sensitivity to ^ ^ 

1 tiircd from patients witli infeetioiis Iiave been use , j (.,5^.52 

eases suitable fer treatment vvitl. penieillin and 

.1 —1. TH. . .1 S* S“ 

intramuseularly every t'"'™ ' ’ j„„,Jately after the administra- 

riscs above 0.1 units per eiilnc centimetei. 1 ^ ,.„nulinu little more 

tion, intravenously, of 10,000 units of "itl, eoneentrations of 

than 1.0 unit per cubie centimetei. Tests Lping tested 

penieillm in these ranges iisually^e^^^^^^^ ha 

are cither sensitive or resistant to tlic ie\ i 

patients being treated. ... 

Recently a strain of >>emoiyUe ,,,, 

m vitro to concentrations of penicillin hO ^^gtcomyelitis of bones of 

isolated from a patient with an abscess i ° , ,j tl,e abscess was 

the orbit Penieillin was f ” ^Porrrptly although enl- 

dramed by surgical ineision . ti„ staphylococcus aurem until 

urea remained positive for the strain of 1 aiding the 

the drainage from the „£ the sensitivity test in viti-o were 

recovery of tills patient, and the penicillin of this strain of 

questioned. Purtlier eonfirniation of lesistaiice i 1 ' „ „ 
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fornla Medical School. ,,_jer a contract, recommended by Urn Com 
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luittce on Medical Research, between the Office oi s>^. 

‘lie Unuersity of California- 
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3 6 Hoar survival of two groups of mice 
infected with a Penicillin sensitive 
strain of hemolytic staphylococcus aureu 


Group Aw. 

Treated with Penicillin - All survived. 


Groups. 

No Penicillin 


S. survived. 


■ B. 
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36 Hour survival of two groups of 
mice infected with a 

Penicillin Resistant strain of 
\ hemolytic staphylococcus aureus 

'Hr 

H- 


Group A . 

Treated with Penicillin — ^survived 


V, Group B. 

''•-tiNo Penicillin- 



?*survived 
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hemolytic i:)Uii)h}jlococcus mircus was sought by (*oiiiparing its resistance to 
penicillin in vitro witli oxperiinents in vivo in mice. 

i\Ucc (•-xercle penicillin more rapidly than lininan beings do, and it was 
found necessary to inject 200 unils of peiiii'illin jicr gram of body weight 
every one and one-half to two houi*s in order to obtain a level of about 1 unit 
of penicillin per cubic centimeter of blood. The mice varied from 10 to 30 
grains in weigiit, the average being 13 grams. Each animal received 3,000 
units of penicillin dissolved in 1 c.c. of ph>siohjgic saline intraperitoneally 
every one and one-half hours for the first four and one-lialf hours and less 
frequently tliercafter as tlic infected mice dc\ eloped edema. The remaining 
injections were given at intervals of from three to six liours, averaging about 
four houi’s. Half an hour after the lliird injection of 3,000 units the level of 
penicillin was 4.4S units per enbie centimeter of blood, three and one-half 
hours after the fifth injeetion it was zero. Hammolkamp’s method^ was used 
to measure the levels of peiiieilUn in the blood 

For this experiment the cultures of hemolytic Staphylococcus aureus were 
grown for twenty-four hours on agar .slants, wa.slied off, and measured in 
IlopUiiis’ tubes. Since the pathogenicity of staphylococci vanes considerably 
in (lilfcrent strains, it was necessary to determine tlie dose that would be lethal 
to mice in about twenty-four liours. Ten billion Staphylococcus aureus or- 
ganisms of this strain inoculated inti’aperitoncally were found to be the 
minimum lethal dose that would hill most of the mice in api>roximately twenty- 
four hours. 

Each of fifty mice wa.s inoculated intraperitoneally witli 10 billion staph- 
ylococci of tlie strain resistant to penicillin ; each of fifty others was in- 
oculated with a similar dose of a .strain of hemolytic Staphylococcus aureus 
sensitive to penicillin. Twenty-five mice in cacli group were injected with 
penicillin. The re.sults are summarized in Pijis. 1 and 2. 

SUMMARY 

In expcriinent.s using mice, a strain of licmolytic Staphylococcus aureus 
that was resistant to j)cnicillin in vitro jirovcd also to be resistant to comparable 
concentrations of penicillin in vivo. 
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FURTHER STUDIES ON CHOLINE DEPICIENCy IN DOGS 

J. M . McKibbin, Ph.D., R. M. Fbrby, Jr., S. Thayee, B.A., 

E. G. Patterson, B.A., and P. J. Stare, Ph.D., M.D. 

Boston, Mass. 

S tudies on eholme deficiency in j^oung puppies have been reported from 
this laboi'atory.^’ - The principal lesion observed in this deficiency was an 
extensive fatty metamoi’phosis of the liver and' was accompanied by marked 
impairment of liver function as measured by bromsulfalein elimination, plasma 
phosphatase, plasma cholesterol and cholesterol ester levels, and prothrombin 
time. These liver, function tests are not specific for this particular condition 
but reflect parenchymal liver disease of various etiology. If more specific tests 
for choline deficiency were available, it would be of interest to apply them to 
patients with liver disease. Since an excess of methionine protects the piip from 
this deficiency, the primary defect is thought to be one of “labile methyl’’ rather 
than of choline per se.^ It would appear that a method of testing the “methyl 
reserves’’ of the deficient and control animals might serve as a more specific 
index of the state of nutrition with respect to choline. The role of labile methyl 
from methionine or choline in the synthesis of creatine and creatinine in the rat, 
rabbit, and man has been summarized by du Vigneaud.^ He has .suggested that 
other nitrogen or sulfur-linked substances containing methyl groups present 
in tissues are dependent on dietary choline or methionine for their formation. 
Among these we have selected the N-methylated derivatives of nicotinic acid for 
study along with creatinine and creatine. In this paper we wish to present some 
obsei'vations on the excretion of these substances by choline-deficient and control 
puppies together with observations on improvement in liver function in choline 
deficiency following choline therapy. 

experimental* 

Two litters of three puppies each were used in these experiments. All were 
given Ration 5^ but containing 3 per cent cod-liver oil instead of 2 per cent and 
1 per cent less sucrose. In addition, 20 rag. per cent of nicotinic acid was added 
to the ration of Dogs 38, 40, 41, and 42 in order to insure greater excretion of 
methylated derivatives of nicotinic acid. One pup in each of the two litters 
(Dogs 39 and 42) was given a supplement of 200 mg. of choline chloride per 
100 Gm. of ration; the other two in each litter received only the basal ration. 
The dogs were all weighed and given water-soluble vitamin supplements oral!}' 
each day and injections of Pitman-Moore antidistemper serum weekly as pre- 
viously described.^ Pood consumption records were kept daily. The growth 
curves of these animals are given in Pig. 1. Dogs 38, 40, and 41 were given 
choline supplements after a suitable period on the deficient ration, and the 
return to normal liver function was observed carrying out liver function tests 
eveiy three or four days. Dog 38 ivas sacrificed on the tenth day after beginning 
the choline supplement, and the total lipids of the liver of this animal were de- 
termined. Liver function tests were obtained by methods previously described- 
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The dogs were housed in metabolism cases diii-ins tlic jicriods of study of 
the execetion of creatine, creatinine, and N metliyl nicotinic acid derivatives. 
The daily urinary c.xcrction of these siibstaneos was determined from suitable 
aliquots of filtered urine. Creatinine was determined eolorimetrically using the 
alkaline incrate color mca.sured in the Coleman speetroidiotomcter at 500 m,u. 
Cioatine na.s determined in the same fa.sbion alter conversion to creatinine by 
auloelaying with 2N sulfuric acid. Total urinary dniratives of N methyl nico- 
tinic acid were determined by the method of Sarelt.** In this method, N methyl 
in'cothiainidc sufistanees are first converted to trigonelline by alkaline hydrolysis. 
The “total” trigonelline is then determined and thus all methylated nicotinic 
acid derivatives known to he iiro.sciit in dog iiriiir .irc accounted for. 



^'ic. 1. — Growth curves of uH the (iocs ustil in these experiments. At rows inaicwtc besinnina 
oC peiiod of choline supplement. 


DISCUSSION 

Prom Fig. 1 it can be seen that the two control dogs (Dogs 39 and 42) grew 
hormally throughout tlie e.xperimental period, although Dogs 37, 38, and 39 
"■ere a smaller, slower-growing breed than the others. The results of the liver 
function tests are given in Table I. It is seen that the control dogs gave normal 
‘■esults throughout the e.xperiinental period. Deficient Dogs 38 and 41 showed 
'narked iniiiliition of growth and severe liver disease as judged by the liver fiinc- 
‘ion tests obtained on' the si-xty-eighth and fifty-third experimental days, re- 
spectively. Beginning on the si-xty-cightli experimental day, 200 mg. per cent 
of choline chloride was added to the ration of Dog 38 and a total of 6.65 Gm. 
"ns given orally by gelatine capsule during the following ten days. This supple- 
■neiit produced striking improvement in liver function and all tests gave normal 
by tbo tenth day. The dog was then sacrificed and the liver was found 

w , are indebted to Dr. W A* Perizwelff for generously furnishing us with trisonelllne 

'‘‘late for use in this method. 
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Table I 


SuMMiiKY OP Liver Function Tests op All Dogs 


Control Dog 30 — BOO 

mg. Per Cent Choline 

Chloride 



Experimental day 


18 


24 


39 

Plasma phosphatase 


79 


170 


144 

Bromsulfalein. test 






6 

Control Dog 43 — BOO 

mg. Per Cent Choline 

Chloride 



Experimental day 


IS 


39 


53 

Plasma phosphatase 


232 


321 


192 

Plasma phosphatase in 0.05 hi NaCN 




2 



Plasma phosphatase in 0.01 M NaCN 






0 

Bromsulfalein test 


10 




8 

Plasma total cholesterol 


100 




240 

Plasma cholesterol esters 


99 




198 

Prothrombin time 






8.9 

Choline-Deficient Dog 37 — 

■Choline 

Started 

on Thirty-ninth Day 


Experimental day IS 


24 


39 


44 

Plasma phosphatase 853 


1340 


541 


246 

Bromsulfalein test 




10 



Prothrombin time 




12.4 



Choline-Dcficient Dog 40- 

—Choline Started on Sixty-first Day 


Experimental day 

IS 

32 


53 

61 

66 

Plasma phosphatase 1010 

593 

641 

763 

586 

223 

Plasma phosphatase in 0.05 hi NaCN 


4 

4 




Plasma phosphatase in 0.01 hi NaCN 




200 

170 

32 

Bromsulfalein test 

.31 

23 


20 

29 

7 

Plasma total cholesterol 

lie 

169 


166 

158 

231 

Plasma cholesterol esters 

69 

91 


86 

99 

165 

Prothrombin time 




10.9 



Choline-Dcfeicnt Dog 38 — 

■Choline 

Started 

on Sixty-eighth Dag 


Experimental day 

18 

58 

68 

71 

74 

78 

Plasma phosphatase 

247 

1435 

1348 

1088 

651 

357 

Bromsulfalein test 


26 

38 

20 

12 

7 

Plasma total cholesterol 


72 

52 

95 

119 

'154 

Plasma cholesterol esters 


39 

34 

45 

S3 

101 

Prothrombin time 



22.0 

13.4 

9.3 


Choline Deficient Dog 4t- 

-Choline Started 

on Fifty-third Day 


Experimental day 


39 

53 

57 

61 

66 

Plasma phosphatase 


1164 

1481 

854 

371 

292 

Plasma phosphatase in 0.05 hi NaCN 


0 





Plasma phosphatase in 0.01 hi NaCN 



425 

342 

90 

50 

Bromsulfalein test 



27 

9 

7 

7 

Plasma total cholesterol 



54 

118 

174 

179 

Plasma cholesterol esters 



30 

79 

111 

135 


Pla^7na Phosphatase — Microgiams ot inorganic phosjihorus liberated per cubic centimeter 
of plasma in twenty-four hours. Normal range for control pups’: 80 to 350. 

Broms\i.l/alein Test — Micrograins of dye per cubic centimeter of plasma at eight minutes. 
Normal' range -. S’"’” 

Plasma Total '' cent. Normal range: 100 to 250. 

Plasma Chole er cent. Normal range: 70 to 200. 

Prothrombin ' ge: 8 to 13. 


to contain a normal amount of lipid material as determined by cliloroform c-v 
traction (12.4 per cent of dry weight). This indicates a rapid removal of liver 
lipid since the liver would be e.xpeeted to contain 40 to 50 per cent lipid (dry 
weight) before choline therapy, as judged from previous studies with tliis degree 
of impairment of liver function. 

With Dog 41 the ration was supplemented with 200 mg. per cent of choline 
chloride beginning on the fifty-third experimental day and a total of 2.38 Gm- 
orally by gelatine capsule during the following five days. Rapid improvement 
in liver function resulted from this supplement and normal liver function was 
obtained by all methods of testing on the eighth day following the inception 
of choline therapy. Strildng increases in food consumption and body weight 
were produced in both Dogs 38 and 41 by the choline supplements. In neither 
do" however, did the addition of choline to the diet produce any signifiean 
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increases in llio daily per kilogram output of croatinine or in the excretion of 
metliylatod nicotinic acid derivatives in terms of the per cent of the total nico- 
tinic acid intake. Doj^ 3S, however, did show a si^iiilicant increase in the per 
kilogram excretion of creatine after live da>s of clioliiic supplementation. This 
was not observed in Dog 41 and has not been oiiser\cd in other dogs. 

Dogs 37 and 40 showed slight early growth imi)airment on the deficient 
diet and subnormal liver function. Thus Dog 37 showed a moderately high 
plasma pliosphatasc value on llie eighteenth da\ w hit'll rose to a very high value 
on the twenty-fourth day. However, growth ec-ased .shortly after and perhaps 
accounted for the spontaneous improvement in liver function observed on the 
thirty-ninth day. At this time, the dog was given 0.5 (>m. of choline chloride 
orally and was placed on the control ration The plasma phosphatase value was 
normal five days later. 

Dog 40 sliowed a slight pause in growth hctweeii the fifteenth and twenty- 
fifth day and poor liver function as measured l»y plasma phosphatase and brom- 
sulfalcin elimination on the eighteenth day IMasiua cholesterol fractions at this 
time were not alinormally low, liowever. This animal .showed a striking spon- 
taneous improvement in liver funcUon and gain in weight after this time 
although, as in the case of Dog 37, liver function did not return to normal. 
Beginning on the sixty-first day, the ration of this dog was supplemented witK 
200 mg. per cent of choline chloride. Again liver function tests were found to 
he normal five days later. No change in the creatinine excretion of Dog 40 w'as 
proiluced by tlie choline sui>plemcnt, wliilc tlie creatine excretion actually 
drojiped slightly. Tlic excrctiou of N methyl nicotinic acid derivatives was 
extremely variable in tlie two deficient periods studied and w'as somewhat ele- 
vated after the addition of choline to the ration. This spontaneous remission in 
Dog 37 and particularly in Dog 40 is remarkable and in both instances occurred 
in the largest dogs of tlie litter. We have previously observed “resistance*’ to 
choline deficiency (Dog 29, Experiment 5).^ This dog, tlie largest of a litter of 
seven, showed good growth on an intake of only 5 mg. of choline per 100 Gm. 
of ration. It is possible tliat tlie choline requirement may be lowered after a 
certain stage in growth or development has been reached. The healing of kidney 
lesions in young rats suiw'iving choline deficiency is a remarkable phenomenon 
and may be analogous to this conjuncture in the dog. 

Judging from the changes in liver function produced by choline therapy in 
clioliiie-defieieiit pups, it w'ould appear that in severely deficient dogs (38 and 
11), a week or ten days were required to produce normal liver function, whereas 
with less severe deficiency (Dogs 37 and 40) five days of therapy were sufficient. 
It must be emphasized, liowever, that rather large quantities of choline were 
given and tliat the liver disease was of a more acute than chronic nature. These 
factors would operate to give us a more rapid remission than would reasonably 
be expected under other circumstances. The index of liver function which gives 
the slowest return to the normal is the phosphatase level. 

The effect of cyanide on the plasma phosphatase activity in these animals 
Is of interest in connection with tlie findings of Drill and co-w'orkers. They 
observed that sodium cyanide in concentrations of 0.0001 to 0.1 il markedly 
inhibitedThe high serum plicspliatase activity of dogs with hepatic damage pro- 
duced by poisoning with carbon tetrachloride, by cholecystectomy, or by bile 
fistula. These concentrations of cyanide had only a slight inhibitory effect on 
uormal dogs. They postulated that the increase in serum alkaline pliosphatase 
hi liver damage is due to an increase in a component phospliatasc normally pres- 
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ent in only small amounts. We thought it would be of interest to see if this 
relationship would hold in the liver damage of choline deficiency. The addition 
of 0.05 M sodium cyanide to the substrate produced virtually complete inhibition 
of plasma phosphatase activity in Dogs 40, 41, and 42. The addition of 0.01 
M sodium cyanide produced a marked inhibition in the plasma phosphatase ac- 
tivity of Dogs 40 and 41 and complete inhibition in Dog. 42. In Dog 41 the 
plashia phosphatase activity in the presence of cyanide is compared with the 
normal uninhibited activity throughout the course of remission following choline 
therapy. It can be seen that much of the high phosphatase activity of the de- 
ficient state is inhibited by cyanide but that the residual uninhibited portion is 
greater than that present in normal pups. As the plasma phosphatase activity 
decreases during the period of restoration of liver function, the cyanide insensi- 
tive portion decreases to a point far below the normal phosphatase activity. 
This was also obseiwed in Dog 40. These results do not indicate a high specific- 
ity for plasma phosphatase components to cyanide inhibition since the activity 
may be completely inhibited by sufficient concentration of cyanide (0.05 JI). 
If, indeed, there is a specificity at lower concentrations (0.01 M), it would appear 
that the plasma of the normal pup contains only a small fi’action of cyanide- 
insensitive phosphatase activity w'hieh is proportionally increased along with 
the cyanide-sensitive components in severe choline deficiency. This does not 
imply a fundamental discrepancy between our results and those of Drill and 
co-workers® since they have used adult dogs and different tecluiiques for tlie 
production of liver disease. 

In Table II are given the results of the exci’etion of creatinine, creatine, 
and methylated derivatives of nicotinic acid. The excretion of creatinine was 
found to be constant in all the dogs and averaged from 18.7 to 22.6 mg. per kilo- 
gram of body weight daily in the vai'ious periods of study. We observed no daily 
variation in the creatinine output. The output of creatine varies greatly be- 
tween different dogs, and we found considerable daily variation in the same 
dog. In general, the litter including Dogs 37 through 39 averaged a higher 
output of creatine per kilogram than did the litter including Dogs 40 through 
42. The creatine output would appear, from our studies, to bear no consistent 
relation to the choline intake. Glycocyamine fed orally or injected subcutane- 
ously did not appreciably increase either the creatine or creatinine output of 
Dogs 37 or 39. It seems clear from these studies that creatinine and probably 
creatine excretion ai’e independent of dietary choline, as was found to be the 
ease with muscle creatine content in our earlier studies. If creatine and crea- 
tinine formation do indeed depend on the labile methyl supply for their forma- 
tion from glycocyamine,® there must be a high priority on the available methyl 
supply for their formation. This high priority forces a rather uneconomical 
drain on the methyl reserves when the creatine excretion is high, as in the case 
of one severely deficient dog (Dog 38), and this drain continues in the face of a 
progressively deteriorating liver function. This would indicate a lack of adap- 
tion on the part of the dog to a low methyl supply. However, it is also possible 
that synthesis of these substances in the dog may also take place from .processes 
other than the methjdation of glycocyamine by methionine or choline. 

Our observations on the excretion of N methylated nicotinic acid derivatives 
are in general agreement with those of creatinine and creatine. The excretion 
of these substances expressed in terns of per cent of theoretical from the known 
nicotinic acid intake varies considerably from day to day and between dogs. 
Severely deficient dogs appear to excrete as much of these substances a.s they 
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do when given choline. This is all the more surprising in view of the fact that 
the dog can also excrete nicotinic acid in the form of nicotinuric acid. This 
would he the expected form during a condition of methyl deficiency since no 
methyl is needed in this synthesis. 

These observations cpiestion the possibility of testing the methyl reserves 
of dogs by ohserwations of creatine or creatinine excretion or the excretion of 
methylated nicotinic acid derivatives following doses of nicotinic acid. Whetiier 
or not other substances which depend on labile methyl from choline or methionine 
for their formation would be useful in this connection remains to be determined. 


SUMM.VRY 

1. Addition of choline to the diet of the choline-deficient pi;p results in rapid 
increase in food consumption and weight, improvement in liver function, and 
withdrawal of lipid from the liver. Under the conditions of our experiments, 
normal liver function has been restored in from five to ten days. 

2. Excretion of creatinine, creatine, and N methyl nicotinic acid derivatives 
does not appear to be influenced by choline deficiency in the young pup. 
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AN ADKENAL COETEX STIMULATING SUBSTANCE IN 
FEMALE HUMAN URINE 


Herman T. Blumenthal, Ph.D., M.D.*' 
St. Louis, Mo. 


T he presence of cortinlike substances in human urine has been demonstrated 
by Dorfman, Horwitt, and Pish.’^ These substances are capable of increasing 
the resistance of adrenalectomized rats to low environmental temperatures and 
of raising the mean liver glycogen concentration .to five to ten times the normal 
amount.^ It has been shown many times that there are substances in the urine 
and serum of pregnant women which act biologiei^lly in a manner similar to cer- 
tain hormones of the anterior pituitaiy gland, but there are only a few reports 
that deal with hormones of this nature ivhich might stimulate the adrenal cortex 
to elaborate the substances; noted by the authors mentioned. Tepperman, Engle, 
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and Long^ refer to eertaiu experiments in which de Boissezoii* may have been 
successful in demonstrating such a material in the urine of pregnant women, al- 
though they state tliat this is not certain, ilorc recently Golla and Heiss^ have 
shown that pregnant mares’ serum increases the adrenal weight of hypophy- 
sectomized rats and nine-daj^-old clnchs; they postulate the presence in the 
pregnant marcs’ scrum of a new corticotropie factor. No reference has been 
foimd which deals with a corticotropie factor in normal human urine. 

The prc.scnt experiments demonstrate the presence of a substance or sub- 
stances in normal female human urine wliich, wiicn injected into guinea pigs, 
produce an increase in mitotic activity in the adrenal cortex and in this respect 
acts similarly to certain substances elaborated by the anterior pituitary gland. 
The various types of urine used are shown in Table I. In most instances normal 
urine was obtained from women approximaleh' five days before menstruation, 
although in a few instances it was obtained earlier in the sexual cycle. Preg- 
nancy urine was collected from women three to three and one-half months 
pregnant. The urine was divided into two or three portions. The first portion 
was used as untreated fresh urine; to a second part, in some instances, thymol 
was added to act as a preservative; to a third portion fonnalin was added in 
sufficient quantity to bring the concentration of this substance in tlie urine to 
that shown in the various groups in Table I. Urine to which formalin had been 
added was then kept at a temperature of 39® C. aud at pH 8 for seven days be- 
fore injection into guinea pigs. The test animals consisted of seventy immature 
female guinea pigs ranging in weight between 170 and 210 grams which were 
injected intraporitoncally twice daily with 1.0, 1.25, or 2 e.c. of female human 
urine of the various types shown in Tabic I for periods of two and four days. 
Twenty noninjeeted immature fenualc guinea pigs of a similar^ weight range 
served as controls. Jilitotic coimts in the adrenal cortex were carried out accord- 
ing to a method previously described*’ and were recorded as the average number 
of mitoses per section. 

RESULTS 

The results tabulated in Tabic I show three levels of mitotic activity in the 
adrenal cortex; (1) an average control level of 5.4 mitoses per section, (2) an 
average count in animals injected with untreated and with thymol- and formalin- 
treated pregnancy urine of 7.6 and 7.1 mitoses per section, respectively, and 
(3) an average of 12.6 mitoses per section in guinea pigs receiving untreated 
and formalin-treated normal female urine. The significance of the differences 


TABLE I 


The Effect of Various Types op Human Female AcimTT in .the 

Adrenal Cortex of Immatuf^ Femali. Guinea Pics 


experimental group 

NUMBER OF 
GUINEA PIGS 

.U-ERAGE NUMBER 
OF MITOSES PER 
SECTION OF 
ADREN^VL CORTEX 

PROBABLE 

ERROR 

1. Controls 

2. Normal female urine 

Untreated 

With 0.5 per cent formalin 

3. Pregnancy urine 

Untreated 

With thymol 

With 0.5 per cent formalin 
^V^ith 0.75 per cent formalin 
With 1.0 per cent formalin 

20 

10 

5 

16 

12 

13 

9 

6 

5.4 ; 

13.1 p-'’ 

8.21 7 Q 

C.8t 

0.21 

7.9 f 7.1 

7.8) 

• ±1.25 

• ^ ±2.89 

±1.64 

±1.15 

±1.13 

±1.13 

r0.40 
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Table II 

Significance of Difference Between Various Groups* 


' factor 

EXPERIMENTAL GROUPS COMPARED OF STATISTICAL 

SIGNIFICANCE 

1. Controls vs. normal female urine, untreated and with formalin 4.6 

2. Controls vs. pregnancy urine untreated and with thymol 2.1 

3. Controls vs. pregnancy urine with formalin 2,2 

4. Normal female urine untreated and with formalin vs. preg- 10.2 , 

nancy urine untreated and with thymol 

5. Normal female urine untreated and with formalin vs. preg- 7.0 

nancy urine with formalin 

6. Pregnancy urine untreated and with thymol vs. pregnancy 1,7 

urine with formalin 


*The factor of statistical significance was caiculated from tlie formula Ai-Aj/SB.u-SEij 
in which ai and as represent the averages of the groups compared and SE.u and SBa 2 , the stand- 
ard errors of the factor of less than 2 is of no significance ; a factor 

between 2 and 3 greater than chance, while one over 3 denotes an 

almost certain sigr....^ 


in results in these three groups lias been tested in two ways. First calcula- 
tions of the probable errors in all subgroups show that if ive take into account 
these factors in comparing the results of tlie subgroups of one level with those of 
another level of mitotic activity, there is no overlapping of results. In the 
second place, the three major groups and various subgroups have been compared 
as shown in ,Table II. From the latter calculations it may be concluded that 
the differences obtained between animals injected with normal female urine 
and animals injected with pregnancy urine of various types are almost certainly 
significant, while the differences between the various groups receiving different 
types of pregnancy urine and controls are probably significant. On the other 
hand, treatment of both normal and pregnancy urine for twenty-four hours with 
various concentrations of formalin or, in tlie case of pregnancy urine, with 
thymol failed to alter significantly the results in these respective groups. 


DISCUSSION 


From these results it may be concluded that there is a substance present 
in the urine of sexually active nonpregnant women capable of producing a 
hyperplasia of the adrenal cortex of the guinea pig, and it is furthermore 
notable that such a substance is also present in the urine of pregnant women, 
although it may be there in smaller quantity or in association witli some in- 
hibitory substance, since the response is less marked than after the injection 
of normal female urine. 


It is not- possible to determine the origin of this substance from these ex- 
periments alone, although certain possibilities may be considered. In tlie first 
place, it may he that we are dealing with a metabolic derivative of the eortico- 
tropic factor of the anterior pituitary gland excreted in the urine wliich won ( 
then elicit a response in the adrenal cortex which is somewhat le.ss tlian 'a 
observed with implants of fresh anteinor pituitary suh.stance. The response^ o 
normal female urine is only about half as great as that which we have obsei'O^ 
with fresh human anterior pituitary gland in some as yet unpublished expeu^ 
ments. A similar relationship has been observed numerous times with 
to the estrogens elaborated by the ovary; in this ease also certain 
metabolites of estrogenic substances act in a manner qualitatively simi 
but qualitatively weaker than, the parent estrogens found in the 
ever the factor of dilution in the urine must be considered before this con 
can be made with certainty. To test this factor, in a jay- 

trated powder of pregnancy urine prepared by the method of 
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ward* was injected into iniiiiaturo female sninea pigs. Tlie results were not 
significantly different from tliosc obtained with either fresh or formalin-treated 
pregnancy urine. 

A second possibility which might be considered is lliat of a response of the 
adrenal cortex to ovarian hormones elaborated as a result of stimulating sub- 
stances present in the urine. We have observed in some, as yet unpublished, 
experiments tliat administration of corpus luteum hormone produces an increase 
in mitotic activity in the adrenal cortex of the guinea pig, but tJiis reaction is 
usually most marked in the zona glomerulosii as contrasted with that of anterior 
pituitary substance which induces mitotic activity almost exclusively in tlic 
outer half of the zona fascieulata. In ouv present experiments most of the 
mitotic figures were found in the outer half of the fascieulata, although in some 
experiments, specifically tho.se with fre.sh pregnancy urine, there were in some 
cases as many as 15 per cent of the mitoses in the zona glomerulosa. This may 
he taken to indicate that tlie actual difference between normal and pregnancy 
nrinc is even greater tlmn tlie results shown in Table I indicate, and that in the 
case of pregnancy urine tlicrc is in addition to the stimulus exerted by ordinary 
urine a stimulus of a different kind which affects the average number of mitoses 
per section in the glomerulosa. .^Vs further evidence against the assumption that 
luteal iiomouG is the agent present in the urine we might cite the observations 
of Loeb and Hayward,^ tliat tlie luteinizing effect which pregnancy urine pro- 
duces in the guinea pig ovai*>* is inhibited by formalin treatment and replaced 
by a connective tissue ingrowth into the ovarian follicles. Thus, if luteal hor- 
mone were the major factor in inducing these pi*oliferative effects, it should be 
expected that untreated pregnancy urine would call forth tlie greatest mitotic 
response in the adrenal cortex, since it produces tlie most marked luteinizing 
effect, and that treatment with formalin would diminish tliis response. It is 
shown in Table I tliat this is not the case, no essential difference being noticeable 
between iionnal and fonnalin-treatcd urine. 

It is, therefore, most likely that we arc dealing witli a derivative of anterior 
pituitary substance or with some substance which acts in a similar manner. That 
this substance is different from the pituitary-like substance elaborated in tlie 
placenta is shown by the fact that normal female urine produces a greater 
response than pregnancy urine. It appears that in contrast with the conclusions 
of Golla and Reiss,® we are dealing witli a substance which is not peculiar to the 
state of pregnancy but which 000111-5 also in the urine of noupregnant females 
and perliaps also in that of males, although the urine of males has not yet been 
studied from this point of view. This conclusion would still hold even if it 
were determined that in a later stage of pregnancy the urine is able to produce 
a mitotic response in the adrenal cortex greater than that observed after the 
injection of normal female urine. In a later stage the ovarian hormones might 
exert ail influence sufficiently great to overcome such assumed antagonistic sub- 
stances in the urine of pregnancy, or it is also conceivalilc that these latter 
substances present during the first trimester of pregnancy might gradually dis- 
appear as pregnancy progresses. 

Finally, it would be emphasized that the demonstration of pituitary-like 
effects of some body fluid or of its exeeretioii product in the urine on the adrenal 
cortex does not necessarily indicate that we are dealing with a new substance 
which has a specific corticotropic effect; it is more likely that this effect is 
due either to circulating pituitary hormone or to some metabolic derivative of it. 
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STOIMiVKY 

The eortieoti'opic effect of normal and pregnancy human female nrine has 
been sti^died. It has been found that nomial human female urine produces a 
greater increase in mitotic activity in the adrenal cortex of immature female 
guinea pigs than does pregnancy urine. Treatment of this urine with various 
concentrations of formalin failed to alter the results appreciably. The likeli- 
hood that this cortieotropie effect of nrine is due to a metabolite of anterior 
pitnitaiy eox'tieotropic hormone is discussed. 
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THE DETERMINATION OF PROTHROMBIN TIME FOLLOWING THE 
ADMINISTRATION OP DICm-tAROL, 3,3'-METHYLENEBIS 
(4-HYDROXYCOUMARIN), WITH SPECIAL 
REFERENCE TO THROMBOPLASTIN^ t 

Margaret Hurn, B.A.,| and Nelson W. Baricer, M.D.,§ Rochester, Minn., 
AND Captain Thomas B, Magath, Medical Corps, 

United States Naval Reserve 


W HEN the Quick iirothrombin time test was first used as a measure of bleed- 
ing tendency, particularly in hepatic disease, all the uiformation that was 
actually neeessaiy xvas whether the prothrombin time was normal or prolonged. 
The. exact degree of prolongation or the exact amount of prothrombin deficiency 
was not particularly important. In recent years, the prothrombin time test 
has become the indispensable guide to the administration of dicumarol, 3,3'- 
methylenebis (4-hydroxycoumarin), and it is important to know not only the 
normal pi’othrombin time, hut also the degi’ee of prothrombin deficiency which 
has developed as a result of the dicumarol. In order that prothi’ombin times 
may give this infomation, it is necessary for the lahoratoiy to standardize in 
detail the technique of the prothi’ombin time test as performed. 

When px’othrombin times are detexmiined on prothx*orahin-defieient plasmas, 
it becomes apparent that the results obtained depend to a great extent on the 
activity of the thromboplastin employed, that in oi’der to obtain consistent re- 
sults from day to day it is necessaxy to employ thromboplastins of similar 
activity, axid that to interpx’et adequately a particulax-ly px’othrombin time one 
must have certain information I’egax'ding the activity of the thi-omboplastin 
employed. 
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Clinical studies-' “ liave shown tliat after tlio adniinislration of dicumarol, 
thrombosis almost eorlainly will not occur if the prothrombin time is greater 
than twenty-seven seconds (tliromhoplastin “A”* of this study, normal pro- 
thrombin time, seventeen to nineteen seconds;, bleeding of any significant 
degree is vciy unlikely to occur among patients wiio have received dicumarol if 
the prothrombin time is less than sixty seconds (tiiromboplastin “A”). Arbi- 
trarily a protlirombin time of thirty-fi\c seeomls (thromlioplastin “A”) was 
established by Allen, Barlcer, and ^Vallgh- as a guide to the dosage of dicumarol 
as follows: On days wlion the in'otbrombin time was less than thirty-five seconds, 
a dose of the drug was given; on days when the prothrombin time was greater 
tlian thirty-five seconds, no drug was given. Obviously these rather critical 
points — twenty-seven seconds, thirty-five si'coiids, and sixty seconds — applied 
only to the test as performed and to the thi'omhoplasfie substance which was 
used (thromboplastin “A”). 

ileyer, Bingham, and Axelrod** expressed the opinion that prolongation 
of the prothrombin time witli dicumarol to between twelve and ouc-lialf and 
nineteen seconds is reasonably safe. These workers used a thromboplastin of 
such potency tliat witli an optimal solution of calcium ciiloridc, the noimnl pro- 
tlirombiu time was 0.5 to 10.5 seconds. 

Since the effect of thromboplastin on coagulation time (jirothromhin time) 
is being considered, a brief review of the coagulation jtroeess may be in order. 

Factors in Couyulation . — A number of factors arc ooncci’ncd in the coagula- 
tion of blood. These include prothrombin, thromboplastin, calcium, thrombin, 
and fibrinogen, as well as certain inhibitors, among wliieli are plasma anti- 
thrombiii, plasma antiprotlirombin, and heparin. According to tlie most com- 
nionly accepted iiyi)othe.sis, blood clotting may lie regarded as a two-stage 
process: 

1. Prothrombin + tliromhoplastin + calcium = thrombin 

2. Thrombin + fibrinogen = fibrin 

The exact mceliani.sni of the first stage of clotting still remains a sub- 
ject of controversy. AVhetiier the conversion of protlirombin to thrombin re- 
sults from an enzymic reaction wliercby thromboplastin alone or in conjunction 
with calcium acts as a catalyst or whether there is on actual chemical eombina- 
tion of prothrombin -witli either tliromhoplastin or calcium or both is not Imomi. 
It has been suggested that tlu’omboplastin merely neutralizes antiprothrombin, 
thus alloiring prothrombin to react with calcium, forming thrombin. Regaid- 
less of which, if any, of these hypotheses is correct, it is evident that thrombo- 
plastin greatly accelerates the speed of clotting.** 3Iost workere have agreed 
that the presence of tliis factor in tissues and blood platelets is necessary to tlie 
conversion of prothrombin to thrombin under normal conditions. Aqueous solu- 
tions of tissue extracts,** suspensions of platelets,*' cephalin,*’ ** snake venom, 
und tiypsin^=- js are Imowui to accelerate clotting time. 

The chemistry of tliromboplastic substances and their effects is not fully 
i^iown, though studies have been made. Eagle" has shown that the eoagulativc 
action of venom is probably due to a proteolytic eiizp'me. It is knoMUi that 
clotting activators from tissue cells may be thermolabile and soluble in water 
ai* thermo-stable and soluble in alcohol or ether. The phosphatide fraction from 
Pjatelets has been found to contain a potent activator.* Both a protein and a 
Pj^^iatide component of the tliromboplastic protein from beef lung were re- 

•See under Preparation of Thromboplastin. 
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quired foi' maximal thromboplastic action. The protein component was in- 
active after removal of the phosphatides."® Both “lecithin” and “cephalin” 
fractions of a complex phosphatide mixture extracted from the thromboplastic 
protein from lungs showed considerable clotting aetivity.^^ The “cephalin” 
fraction of brain phosphatides, foimerly thought to be a definite compomid, has 
been shown to be a mixture of phosphatides.^® Fractional ultracentvifugation 
of saline extracts of beef lung has led to the isolation of a high molecular lipo- 
protein udth high thromboplastic activity.® Chargaff/ in 1944, reported on the 
thromboplastic activities of numerous phosphatide fractions obtained from pig 
heart, beef heart, and beef brain. Phosphatidyl serine from beef brain was 
found to be inactive. Brain cephalin itself (that is, ethanolamine phosphoryl 
diglyceride) showed some activity. The conclusion was reached that “the 
thromboplasticallj'’ active lipids cannot yet be identified with any of the knomi 
phosphatides.’ ’ 

Thromboplastic substances, aqueous tissue extracts,^®’ and snake 
venom^®’ in particular are used in laboratoi’y tests for prothrombin. The 
thromboplastin employed has an effect on the rate of conversion of prothrombin 
to thrombin. 

Methods for Prothromhin Dctermiimtion. — ^The rate at which thrombin is 
formed is affected by the concentration of prothrombin. As the means of recog- 
nizing this factor is its capacity to form thrombin, any method for determination 
must be an assay based on formation of tln-ombin.* 

The two-stage method of lYarnei*, Brinkhous, and Smith®' for prothrombin 
detemination utilizes the biphasic nature of the clotting reaction. In the pro- 
thrombin conversion stage, prothrombin is converted completely to thrombin 
with an optimal amount of calcium and an excess of thromboplastin. In the 
clotting stage, the amount of thrombin formed is measiired by the time required 
for the clotting of a standard solution of fibi'inogen. 

The one-stage method of Quick, Stanley-Bro^vn, and Baaieroft,®® or some 
modification thereof, has been more A\ddely adopted as a clinical test for pro- 
thrombin than the two-stage method. The one-stage method consists in de- 
termination of the clotting time of oxalated plasma at 37.5“ 0. after addition of 
an excess of thromboplastin and a fixed amount of calciunr. Thus the time 
repi-esents a summation of the eonveroion time and the clotting time. Quick 
stated that with the addition of a fixed quantity of calcium and an excess of 
thromboplastin, prothrombin is the only Amriable and the clotting time of the 
oxalated plasma can be considered a direct measui’e of the prothrombin concen- 
tration of the blood. 

Danr and G!avind,‘® instead of determining prothrombin time with a fi-xed 
concentration of thromboplastin, determined the concentration of a tissue extract 
that would clot heparinized plasma hr three nrinutes. 

Factors Influencing the Prothromhin Determinntmi. — Stewart and Pohle,®° 
investigating the effect of calcium on the plasma prothrombin time, observed 
that the minimal coagulation time could be assured only by determining the 
optimal amount of calcium necessary for reealcifieation m each instance. Quick®® 
agreed with them that clotting time could be shortened by reducing the strength 
of the calcium chloride, but he did not believe that calcium should be made a 
variable in the test. 

■Electrolyte concentration, pH, and temperature are known to influence tW 
rate of convei-sion of prothrombm, and these factors should he kept constant m 
so far as is possible 
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DiiTerences in “converlibilily*’ o£ prothrombin huvc been observed by some 
workers. Wlietlier this is due to species dilYcrcnces or to unrecognized factor's 
which influence clotting is not known.* The presence of inhibitors also affects 
the convei*sion rate. “Assay methods for thrombojdastin, inhibitors, and the 
‘convertibility factor' are still incompletely developed and a complete quantita- 
tive analysis of the clotting problem is not at present available.”^* 

In stating the underlying principle of the prothrombin time test, the ex- 
pression “excess thromboplastin” is gcncx'ally used. This does not mean, how- 
ever, that the presence of an excess make.s up tor any lack of potency of the 
particular thrombopla.stin employed. The prothnimbin lime obtained depends, 
in part, on the activity of the thi*omboi»laslic substance. 

Factors Injlueuciny the Activity of I’hromboplastm. — The fnclor liaving 
the greatest influence on the activity of thromboplastin pi’epared from ralibit 
brain is whether or not the brain has been extracted with acetone. It will be 
noted that the thromboplastin “A” used mutinely in tliis study has been made 
from dried rabbit brain without previous extraction wdth acetone. This follows 
the original method of Quick, Stanley-Brown, and Banci'oft Many workers, 
however, prefer Quick’s modified method*® in wliieli he extracted the brain with 
acetone previous to the drjung process. AVith the latter method it was possible 
for Quick to prepare a more active thromboplastm (nomal prothrombin time, 
twelve to thirtecu seconds), whereas lie had pr<*vionsly obtained a less active 
preparation (nomial prothrombin time, twenty-two to twenty-five seconds*). 

Unfortunately, thixnnboplastins prepared according to tlic same general 
method do not alway.s possess similar activity. This i.s lime regardless of the time 
which has elapsed between the preparation of the dried brain and preparation 
of the thromboplastin. It would not be jirofilable to enumerate every possible 
reason why individual preparations of thromboplastin may vary in activity. It 
should be realized, however, that the fineness of the powdered brain, the length 
of time and the temperature at which the saline extract is incubated, the amount 
of mixing prior to, during, and after incubation, and the period of een- 
trifugatioii each may liave aii effect on the potency of the thromboplastin. When 
the brain i.s extracted mth acetone, the length of time and the manner in which 
the extraction is carried out have an effect on the potency of the final thrombo- 
plastin. This effect may be due to differences in the amounts of either inactive 
or inhibitory substances removed by the acetone. Regardless of precautions 
taken, one may occasionally obtain a thromboplastin so different in activity 
from other preparations used that it is advisable to discard it. 

The amount of dried brain extracted in the actual preparation of the 
thromboplastin may have considerable effect on the potency of the final strengtli, 
though the literature records considerable range in the initial concentration of 
the thromboplastins as jirepared. Quick^® has correctly stated that when the 
thromboplastic activity of increasing concentrations of a tissue extract^ was 
tested, the clotting time reached a minimum which could not be appreciably 
shortened by additional thromboplastin. One can go further, however, and say 
as the concentration of thromboplastin is increased beyond the amount 
giving a minimal clotting time, the prothrombin time can be prolonged. This 
^aet is not always evident when determinations are made on normal plasmas. 

when thromboplastins of varying concentrations are tested with pro- 
thrombin-deficient plasmas it will be noted that within certain limits of a 
!!!^d prothrombin time, the time can be shortened or prolonged. This priu- 


stated that thromboplastin prepared obtained 

d clot human plasma in sixteen to seventeen seconds. 


in a different locality 
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cijjle lias a very practical application in determining prothrombin times on 
patients ivlio are receiving dicumarol. 

Preparation of Tkrovihojjlastin.—Tlu'omhopl&iitm “A” was prepared by a 
method similar to that previously described.^^ A rabbit was killed by injecting 
15 c.e. of air into the lateral vein of the eai’. The skull was quickly opened and 
the brain was removed, freed of meninges and blood, and then triturated witli 
a spatula on a glass plate (7 by 10 inches [18 by 25 cm.] ). It was then spread 
over the plate and allowed to dry in an incubator (37.5° C.) for approximately 
twenty-four hour’s. The dried brain was scraped off, care being taken to scrape 
in such a manner that it did not become too finely powdered. It ivas then 
stored at 5° C. in a tightly covered glass jar. It has not been foimd necessary 
to store the dried brain in ampules. As mentioned elsewhere, twenty-four 
dried brains were usually mixed together. The number of brains to be mixed 
together woidd naturally depend on the number of prothrombin time tests 
being performed by the individual laboratory. 


The actual preparation of the thromboplastin was as follows: A selected 
amount of dried brain ■was added to a Imown volume of physiologic saline 
solution, the concentration depending on the activity of the material used.’' 
The brain and saline solution were thoroughly mixed with the aid of a stirring 
rod, incubated at 56° C. for fifteen minutes, quieldy cooled, again thoroughly 
mixed, and then centrifuged at low speed for not more than two minutes. 
The supernatant liquid is the “thromboplastin” and can be used as long as 
its activity is maintained. Obviously, the foregoing directions will be followed 
somewhat differently by different persons in so far as details are concerned, 
and thromboplastins of different activities may be obtained. This probably 
accounts in part for the variation in nomal prothrombin time reported by 
various workers using the same prothrombin time test. However, the im- 
portant tiling is that each technician be consistent in the preparation of suc- 
cessive thromboplastins. 

Selection of a “Standard” Tlironiboplastin “A”. — The following procedure 
was adopted more than two years ago as a means of procuring thromboplastins 
of consistent activity. Thromboplastins were prepared from mixtures of the 
dried brains of twenty-four rabbits. Each mixture was kept at 5° C. and 
used over a period of approximately six weeks to two months. Each time 
a new mixture was tested, thromboplastins were prepared using 0.6, 0.8, and 
1.0 Gm. of dried brain in 10 e.c. of saline solution. These preparations were 
tested with plasmas giving prothrombin times hi the thirty-, forty-, and fifty- 
second range. Eesults obtained with two such mixtures are illustrated in 
Table I. The thromboplastin mo.st nearly checking the one in use was selected 
(Table II). Concentrations ranging from 0.4 to 1.0 Gm. per 10 c.c. were 
sometimes used and it was usually possible to prepare a thromboplastin giving 
a somewhat shorter or longer prothrombin time, as was necessary to cheek a 
“standard” thromboplastin. A concentration of 0.6 or 0.8 Gm. per 10 c.c. 
was most often selected as being satisfactory. While normal plasmas were 
tested as well, it saved time and material to test plasmas -siuth prolonged 


prothrombin times first. 

The importance of cheeking each thromboplastin is shoivn in Table HI- 
Unfortunately, thromboplastins prepared in like manner did not always posse^ 
similar actirfty. In this study each fresh preparation of tlironiboplastJii A 
was cheeked with a previously “standardized” thromboplastin. Tiirombo- 


•See under Selection of a “Standard” Thromboplastin “A." 
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Tablb I 


Pnoruj.oMUiN TiiiE Dltjt.minations to Show COmpaklson op Tiieomi 30 pl.\sti.s's Pheparf^) 
Wmi Vauyint} AitoL'NTs op Drict Brain* op R\Dun’ 


RABBIT 

Tnr.OMIlOl’LASTIN’ 


rKOniROMBIN TIME, (SECONDS) 


UrAIN' 

“a” (grams in 



PATIENTS 



10 C.C. SAI.INE) 


1 2 

3 4 

5 


0.15 

17 

27 33 

.17 11 

52 

I 

O.S 

17 

20 .30 

41 47 

50 


1.0 

17 

.12 .IS 

13 40 

63 





PATIENTS 





tf 7 

S 9 

10 


O.G 

IS 

IS 20 

3S 17 

54 

II 

O.S 

IS 

IS 20 

•m 48 

50 


1.0 

IS 

IS 2S 

i~> 5.1 

(5.1 

•Different norni.il from tliat usetl willi 

mixture I. 





Table II 



OJUP.MUSON’ 

Between TiiROMiiOi'i.t.sTiNS Preimred With Vvryivo Asiounts or 

A NEAY 


illXTURE AND A 

l»i:i:viousLY 

Stand VRDI 2CD Tiir.o.MnopLASTrN 


RABBIT 

Tnr.OMBOPI.ASTlN 


rROTHROMBlN TIME, (SECONDS) 


BRAIN’ 

"A” (GR.tiIS IN 



P VTIENTS 



10 c.c. saline) 


1 

2 3 

4 

Old 

0.7* 

IS 

20 

35 40 

75 



IS 




Xcw 

O.S 

IS 





1.0 

21 




•StandardizcO. 







Table III 



Varution* Betwei-in Two 

TimOMROPIASTIN.S l*r.ni’ARED SlMUI.TtNEOUSLY AND 

Two 



.Sr.VNDARDIZED 

TnnoM Bon. ASTI N s 



RABBIT 

TIlRvOMDOl'LASTIN 


PROTHROMBIN TIME (SECONDS) 


UPAIK 

(GPaMS IN 

rRErAR.v* 


PATIENTS 


HIXTCEE 

10 C.C. SALINE) 

TION 

NORMAL j 

2 3 4 

5 


0.5* 

11/3/43 

IS 24 

30 35 46 

55 

I 

0.5 

11/5/43 

18 21 

30 35 46 

56 


0.5 

11/5/43 

20 30 

30 45 62 

92 

_ II 

0.0* 

11/5/13 

IS 23 

30 34 4S 

50 



*SlanJardi 2 ctl. 


lilasliii was considered to be “stiiiidardizcd” it it pave a normal protlironibin 
iinie of from seventeen to nineteen seconds,** if it pave prothrombin times that 
"■ere comparablet to tltose obtained with tliromboplastins wliieli had been 
previously used, and if, in addition, it would give a prothrombin time of 
approximately thirty-five seconds when tested with a 20 per cent dilution of 
a selceted normal plasma. Fortunately tlierc seems to be little cliange from 
ay to day in tln’omboplastins prepared as outlined earlier in this paper, 
bevcrtlicless, fresh solutions for cheeking purposes were prepared daily or on 
alternate days so tliat at least two thromboplastins giving satisfactory results 
"ere available. Often preparations five or six da.vs old checked with the fresh 
preparations. To say that a single acceptable tliromboplastin made up one 
ey should automatically become the standai-d for comparison tlie day follow- 
"q might be misleading in some instances. However, the judicious use of 
re method of cliecking thromboplastins against cacli other as outlined has 
£^12} satisfactory, even though time consuming. 

"“rmaV thromljoplastlns should elvc the same prothrombin times with the same 

tUot more Uian 5 per cent variation. 
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Sometimes it was necessaiy to I’ediice the amount of dried brain weighed 
out in order to obtain a thromboplastin of the desired activity (Table IV). 

Thromboplastins of the same concentration (0.8 Gm. in 10 e.c. of saline 
solution) prepared from different mixtures of dried rabbit brain sometimes 
showed considerable variation in their activities as evidenced by results ob- 
tained on prothrombin-deficient plasmas (Table V). AVhen one thromboplastin 
was prepared which gave a shorter and another wliieh gave a longer prothrom- 
bin time than a “standardized” thromboplastin, a suitable preparation was 
often obtained by mixing the two in proper proportions (Table VI). This 
procedure often saved time and material. 


Table IV 

Vaklvtiox Betaveen Two Differext Amounts op Same jMlxtuke op Babbit Brain 
(Mixtoke I) AND Previously Standardized Thromboplastins 
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TechiiquG of Prothromhhi Time Test.—Tho. Quick protlirombiii time test, 
as described by Jla-jath,” was used. AVholc blood was added to tentli-inolar 
.sohdiou of sodium oxalate in the proportion of O-l. After it had been mixed 
tliorouglily, tlie blood was allowed to sediment or was centrifuged for a short 
period at low speed. One-tenth eubie centimeter of i)Iasnia was placed in a 
lube (13 by 100 mm.) and 0.1 e.e. of thromboplastin added to the plasma, TJie 
tube with contents was held in a constant temperature bath (37.5° C.). After 
a few moments, 0.1 c.c. of fortieth-molar solution of calcium chloride anhydrous 
was added and at the same instant, a stopclock (an electric clock operated by 
a foot switch has been used to good advantage) was started. The tube was 
carefully agitated and then tilted at intervals to determine the moment at 
which a .semisolid clot wms fonned. With thromboplastin “A,” the nomial 
protJjrombin time was found to be fi’om .seventeen to nineteen seconds. 

Corrchtioii of Prothrombin Times Obtained With ThromhopJastins of 
Different Activity . — -To interpret prothrombin times obtained witli a less active 
thromboplastin in terms of tliase obtained with a more active tliromboplastin 
presents a problem. In view of this fact it was decided to give some attention 
to thromboplastins made from acctone-cxlracted brain. Protlu’ombin time 
detemunalions were performed with fliromboplastins (thromboplastin “B”) 
made with varying amounts of the same mixtiTrc and with tlie same amounts 
of different mixtures of acetone-extracted brain (Tables VII and VIII). 


taule vir 

CoiipAnisoN or Thromuoplastens Prepared With Varying v\mounts of the Same 

JtlXTURE OF ACErONE-EXTR.\CTF.D BRAJN 


TlIR0MB0PI.ASnN 

“b" (cr-ufs IN 

5 c.c. SAUNB) 


PROTlIROMRIN TIME (SECONDS) 




PATIE.NTS 


NUU.UAi, 

1 

2 

3 

4 

0.2 

12 

12 

17 

IS 

27 

0.3 

12 

12 

10 

19 

30 

0.4 

13 

13 

22 

22 

42 

0.5 

13 

14 

24 

24 

55 


Taule VIII 


Comparison of Thromboplastins Prepared Simultaneously Ff.om tub Same Amount of 
Four Different Mi.xturf.s of Acf.tone-Extracted Brain* 


RABBIT BPwMN • 

Mixture 


PROTHROMBIN TIME (SECONDS) 




PATIENTS 


NORMAL 

1 

2 

3 

4 

I 

12 

17 

20 

24 

27 

ir 

12 

18 

21 

20 

30 

III 

13 

20 

23 

30 

39 

IV 

15 

23 

27 

35 

40 

•Thromboplastin '‘B,” 0.2 Gm. In 

5 C.C. of saline solution. 

was used. 



Brothroinbiii times were then determined on 100 subjects with three 
different thromboplastins: throml)oplastin “A,” average 2 iormal, eighteen 
seconds (prepared according to origiiml method); tliromboplastin “B,”» aver- 
‘‘ge noimal, twelve seconds (prepared according to Quick’s modification) ; 
diromhoplastin “D,” average normal, twelve seconds (a commercial prepara- 
‘iont). 'The correlation between “A"’ and “B” is shown in Fig. 1; that 


DiaRti ‘^'■eparations from selected mixtures of acetone-extiacted bram were used; thrombo- 
different mixtures did not always possess similar activity. 

Mich '^^®*^0'thromboplastin supplied throueh the courtesy of DIfeo Laboratories. Inc., Detroit, 
varia»i«i”^°*"^opmstins of the same lot number apparently possessed similar activity. Some 
havfl i t between thromboplastins from different lot numbers. Further study would 

c xo be made to decide definitely If the variation is significant. 
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between “A” and “T>” in Pig. 2. The prothrombin tune whieh one might 
expect with thromboplastin “D” if a particular prothrombin time is kno^vn 
for thromboplastin “A” can be obtained from the ecxuation Y = 2.80 + O.oo X®' 
(Pig. 2). Por example, if a prothrombin time of forty-five seconds has been 
obtained with thromboplastin “A,” one would probably obtain a protlu-ombin 
time close to twenty-seven seconds if thi'omboplastin “T>” were used. This 
would hold true of course only if pi-eparations of standai-d activity were itsed. 



X- Prothrombin time, seconds 
Thromboplasti n 'A” 


Fig. 1. — Correlation bebveen prothrombin times obtained with thromboplastin "A" and throm- 
boplastin 



Fig. 2 . — Correlation between prothrombin times obtained with thromboplastin "-V” and throm- 
boplastin *‘D." 

In addition to this study, prothrombin times mth the three different 
tlu'omboplastins wei'e determined on six patients who were receiving dicnmarol. 
The results with two of the tlu’omboplastins are shown in Pig. 3. Thrombo- 
plastin “B” gave results so close to those from thromboplastin "D” that the 
corresponding cursm was omitted. 

Prothrombin Times and Prothrombin Percentage . — In an effort to deter- 
mine the significance of certain prothrombin times in terms of percentage of 

*The equation was obtained by the method of least squarea by itr. Robert Gafe'e, ot the 
Division of Biometry and iledical Statistics of the Alayo Clinic. 
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, nonnal protlirombiii, protlirombin time tests were performed on a series of 
dilutions of ten normul pljusnuis nsiii^ tliromboidastin “A” and thrombo- 
plastin “D.” Kcsulls arc shown in Table IX; an average curve for each 
thromboplastin Ls shown in Pig. 4. One cannot say Iiow much prothrombin 



Fig. 3.-~CouiparIson of proUirouibln times obtained with IhrombopUsUn "A” anil thrombo- 
plastin '‘O” on six patients nlio were receiving dJcumarol 



Fig. 4 — Piothrombln dilution curves. Relation between prothrombin time and percentage con- 
centration of normal plasma expressed as per cent of normal prothiombin. 


Table IX 


‘VvnriAGD PnoTiinojiBiN Times on a Series op Dilutions op Ten Normal Plasmas Using 
Thromboplastins “A" and “D” 


PEP. CENT 
NORMAL PLASMA 


PROTIIBOMBIN TIME (SECONDS) 

THROMBOPLASTIN THROMBOPLASTIN 

“A»» 


100 

18 

12 

80 

19 

12 

00 

21 

13 

40 

25 

10 

30 

27 

18 

20 

35 

21 

15 

42 

26 

10 

58 

35 

5 

118 

69 
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is present in normal plasma, but for purposes of comparison the original plasma 
\vithout further dilution was considered to have 100 per cent prothrombin and 
each normal plasma was so diluted that it was considered equivalent to 80, 60, 
40, 30, 20, 15, 10, and 5 per cent of normal prothrombin. Dilutions were 
made Avith prothrombin-free plasma, prepared according to the Seitz method 
of Kark and Lozner.^’^ When physiologic .saline solution Avas used as a diluent, 
end points Avere difSeult to determine Avhen the concentration of plasma Avas 
less than 20 per cent. Prothrombin times determined on diluted plasmas, Avhen 
concentrations Avere 20 per cent or more, Avere essentially the same Avith either 
diluent AAdien thromboplastin “A” Avas used. With thromboplastin “D,” 
protiu’ombin times on diluted plasmas Avere somcAvhat prolonged Avhen saline 
solution Avas used. Some investigators-®’ have recommended the use of 
fibrinogen solution as a diluent in the preparation of diluted plasmas. 

When one applies prothrombin times from the appropriate curve in Pig. 4 
to the equation, Y — 2.80 + 0.55X (Pig. 2), it Avill be seen that the calculated 
prothrombin times for the various dilutions closely check the observed pro- 
thrombin times for the same dilutions. Theoretically and by actual experiment, 
tAventy-seven, tliirty-five, and sixty seconds (actually fifty-eight seconds) ob- 
tained Avith thromboplastin “A” become equivalent to eighteen, tAventy-one, and 
thirty-five seconds Avith thromboplastin “D.” Again, this correlation holds 
true only AA'hen selected or “standardized” tlu’omboplastins are used. Though 
one hesitates to say that Avhen a particular prothrombin time is equivalent to 
that obtained Avith a 20 per cent dilution of normal plasma, the plasma being 
tested therefore contains 20 per cent of protlirombin, yet for puiijoses of 
comparison, dilution experiments provide certain information. Dilution may 
have an effect on cei’tain coagulation factors. It is thought, for example, that 
dilution reduces the effect of clotting inhibitors. 

Critical Levels of Prothrombin. — Prothrombin times of tAvent 3 '-seven sec- 
onds and sixty seconds indicate critical levels of prothrombin Avhen thrombo- 
plastin “A” has been used in the prothrombin time test. A prothrombin time 
of thirtj’-five seconds (thromboplastin “A”) has been used as a guide to dosage 
of dieumarol. Because of the difficulty of comparing these prothrombin times 
Avith those considered significant AA’hen a thromboplastin of different activity 
has been used, it has seemed advisable to express tAventy-seven, thirty-five, and 
sixty seconds in percentage of normal prothrombin. On examination of the 
appropriate curve in Pig. 4, it Avill be noted that, AA’hen thromboplastin “A” 
is used, these prothrombin times of tAventy-seven, thirty-five, and sixty seconds 
corre.spond to the prothrombin times obtained Avith 30, 20, and 10 per cent 
normal plasma, respectively. Prothrombin times of eighteen, tAventy-one, and 
thirty-five seconds Avere obtained on these same dilutions Avhen thromboplastin 
“D” Avas employed. Since prothrombin times of tAventy-seven, thirty-five, and 
sLxty seconds (thromboplastin “A”) corresponded to eighteen, tAventy-one, and 
thirty-five seconds ( thromboplastin “D”) Avhen original plasmas Avere tested 
(Fig. 2), it seems to justify further this method of comparing prothrombin 
times obtained AA'ith tAvo different thromboplastins. 

If one is using a thrombopla.stic substance of different or unknoAvn potency 
and one AA’ishes to select a prothrombin time equivalent to the thirtj’-five seconds 
obtained Arith thromboplastin “A,” the most satisfactory method would be to 
determine the prothrombin times on 20 per cent dilutions of ten normal 
plasmas. The average of these determinations Avould give a prothrombin time 
Avhich could serve as a guide to dieumarol dosage as outlined by Allen, Barker, 
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and Waiigh.^ Pi-otliroiuliin timers indicative of 30 and 10 ]ier cent levels of 
normal prothroniliin eonld bo aseerlained by dcterniininjr the prothroniliin times 
on the correspoiidinj; dihitions. Comiiarison of prothronil)iii times obtained 
with a 20 per cent dilution of nonnal ])lasnui with those obtained witli a 
protlirombin-detieient plasma eontainin;; apin*oxiinately 20 per cent prothrombin 
is shown in Tables X and XI. Tin*oinbuplastins of different activity were 
employed. 

Table X 


CoMpAnisox or PnoriiiioMniN Times on a 20 Pei: Cent Dilution or Xohmal Plasma 
With Those Obtained on a 1*i;otiiiiombin-Deficient Pl-\sma Usiko TncvOMBOPL-iSTiN “A'’ 





rnOTlIROMBlN 

TIME 

(SECONDS) 



l r.A.SMA 

i* 

II 

III 

IV 

V 

Normal 

Original 

IS 

IS 

18 

18 

18 


20 per cent 
' dilution 


3S 

41 

41 

43 

Prothrombin- 

(leficientt 

Original 

31 

30 

38 

30 

40 


•Preparations of thromboplastin •’A" of different uctivltics. 
tPatient receiving dicumarol. 


Table XI 

CoMPAiiisoN or PrjJTiiriOMUiN Tiaies on a 20 l>i:n Cent Dilution or Noumal Pl-usma With 
Those Obtained on a PnoTiinoMBiN-DEnciENT Plasma Usrso Thromboplastin 





rnoTiinoMBiN 

TIME 

(SECONDS) 



PLASMA 


a 

HI 

IV 

V 

Normal 

Original 

12 

13 

15 

10 

17 

Prothrombin- 

deficientt 

20 per cent 

oo 

20 

30 

35 

35 

Original 

21 

25 

29 

35 

36 


•Preparations of thromboplastin “B" of different activities. 
tPatlent receiving: dicumarol. 


Dihition of Normal Planma as a Means of Evaluating the Activity of 
Thromboplastin . — A dilution eui've of normal plasma has been used by numerous 
"orkers to determine the percentage of prothrombin present in the blood. 
Since tlie curve obtained depends in part on the tliromboplastin employed, 
It may well be used as a method of evaluating the activity of a particular 
thromboplastic substance. .(Vs a routine procedure the establishment of two 
or three selected points on the cun-c would probably give the necessary informa- 
tion. Dilutions should be made from a seiccled normal plasma (one previously 
studied) or from a sufficient number of nonnal plasmas to obtain what seems 
to be a representative ciuwe. 'When the activities of different preparations of 
thromboplastin, prepared siinultaneonsly, are being compared, the method of 
oboice is to use dilutions of the same plasma. Some apparently normal plasmas 
niny give curves at somewhat different levels. For this reason the use of 
I'olected plasmas will minimize the influence of other coagulation factors on the 
coagulation time obtained. 


COMMENT 

Some comment is probably in order concerning tlie continued use of 
Quick’s original method. Wlieii the modification was &-st proposed by Quick, 
ff was realized that for tlie clinician to interpret results which would lie obtained 
'u terms of those with which he was already familiar would involve performance 
of both methods for some time. Furthermore, the possible advantages did not 
seem to outweigh eorfaiii disadvantages, the chief one being tliat sucli an active 
preparation could hardly show actual differences in prothrombin content that 
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would be apparent Avith a less active preparation. Souter and Kark,^® in 1940, 
made a similar observation and stated that “in a test such as this when the time 
of the reaction represents the concentration of one interacting substance, it is 
essential for accurate estimation of the limits of that substance present that 
the decrease in its concentration should be reflected by an appreciable pro- 
longation of the time of the reaction.” 

With the advent of dieumarol therapy, the problem was reconsidered. In 
addition to the conclusion dravm previously, which seemed to apply now more 
than ever, it was felt that the use of acetone-extracted brain did not assure 
more consistent results than when brain not extracted with acetone was used. 
True, the number of seconds of variation Avas usually less, but Avhen one 
considered the change in prothrombin percentage or activity presented by the 
difference in time, interpretation of the results became more difficult. Thrombo- 
plastins prepared from different mixtures of acetone-exti’aeted brain showed 
greater valuation in their activities than did those prepared from the same 
mixture. This ivas partly due to the manner in which the brain ivas extracted 
vdth acetone. Standardization of details in the method of extraction eliminated 
marked differences in the normal prothrombin times but did not eliminate 
significant differences when prothrombin times Avere prolonged. 

Quick^^ has stated that, because of the explicit directions Avhich he has 
given for the preparation of a highly active thromboplastm, there is no longer 
valid excuse for reporting prothrombin data based on tlu'omboplastin Avhieh 
does not give a noimal prothrombin time of tAA'clve and one-half seconds. If one 
assumes that tliis be true, the fact stiU remains that the use of such a thrombo- 
plastin Avould not necessarily assure consistent results on prothrombin-deficient® 
plasmas. This, after all, is the real test of thromboplastic activity. It may 
seem that greater variation than 5 per cent should be alloAved in prothrombin 
times obtained Avith prothrombin-deficient plasmas. But since tliromboplastins 
are frequently prepared AA'hich check almost to the second when the prothrombin 
percentage is between 5 and 10 per cent, one cannot help feeling that Ailien 
it is moi’e than 10 per cent, differences in prothrombin time should represent 
differences in prothrombin and not diffei'ences in tlu’omboplastic activity. Per- 
haps one is not justified in spending so much time to obtain consistent results 
AA'ith a test AA^hich is dependent on so many variables. But because prothrembm 
tunes thus obtained have been of great value from a clinical standpoint, one 
hesitates to depart from this established system of “standardization.” Some 
state that they do not find variations in thromboplastins as prepared by them. 
HoAvever, since others do find such Amriation, the problem cannot be ignored. 

AVhen one consideis the complexity of the factor or factors possessing 
thromboplastic actiAuty, Avhieh are present in tissue, it is hardly po.ssible that 
aU preparations of any tissue extract should be equally potent. The presence of 
clottuig inliibitors in tissue has been demonstrated.® Clotting inhibitors as AA'ell 
as clotting activatoi-s may be responsible for some of the variation Avliich 
occurs in the actiA*ity of tissue extracts. 

Souter and Kark®® have recommended the preparation of stable thrombo- 
plastin by utilizuig the method of “lyophilization” introduced by Plosdorf and 
Mudd.^" This is a complicated procedure not easily adapted to a clinical 
laboratory. Wlrile it Avoidd have certain advantages over other procedures if 
it could be simplified, it Avould seem that some standardization as to activity 
should be made before the thromboplastin is lyophilized. 

this study, the expression -prothrombin-deneienf is u.sed to dcsisnate tho.se pla.sina.s 
giving' prolonged prothrombin times- 
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iVs lias been shown, reducing,' the coiiecntration of a tissue extract, under 
certain conditions, increases its activity. A similar observation was made by 
Aggeler and Luciid and by ICazal and Ariiow,-= who noted that dilution of a 
thromboplastin incrcjisod its activity. It i.s possible that makiiij? serial dilutions 
of a particular Ibromboplastin ini^lit enable one to select a preparation of the 
desired activity. 

Tliough piutbrombiu lime te.sls usin*? Kusscll \iper venom have been per- 
fonned in this study, eomment eoneeriiing the results will not be made at 
this time. Numerous workers*'-** have substituted \enom for tissue 

extract in the Quick prothrombin time test. Wortliy of mention is the difference 
ill piothroinbin time obtained with venom alone and venom plus lecithin. Witts 
and Ilobson^^ have termed this the “lecithin difference.” Witts^® has referred 
to the inlluence of idatelets on the ehTeet of Itussell viper venom, an influence 
Mhieh was comparable to that of lecithin. 

Some investigaloi’s have followed the modification by Link and his asso- 
ciates^ of Quick’s test by detenninin*; tlie iirothrombin time on diluted plasma 
in order to measure the effect of dieinnarol. This has not seemed necessary as a 
routine procedure, at least when ttic less active tlirombo])lastin (thromboplastin 
“A”) was used. Whether the use of a diluted plasma in addition to undiluted 
plasma docs furnish more accurate information in specific instances, as to the 
amount of protlirombin contained in the plasma,'^ is bein^ studied further. 

Since plasma dilution curves may be inlluenccd by variables, known and 
unknown, it is well to keep in mind that a plasma giving a prothrombin time 
equivalent to that obtained with a 20 per cent dilution of normal plasma may 
not actually contain 20 per cent of normal prothrombin. Ilowcver, the dilution 
curve method would soein to be tlie best method at our disposal to obtain an 
expression of protlirombin times in terms of iirotbrombin percentages. If the 
two-stage method of determining prothrombin were more applicable to clinical 
problems, the simultaneous performance of the two methods might furnisli 
valuable information. 


In particular, tlie dilution curve of normal plasma gives important informa- 
tion as to the activity of the thromboplastin employed. This is true, not only 
when comparing the activity of one thromboplastin with that of another,* but 
especially when establishing critical levels of prothrombin deficiency. Since 
prothrombin time with any given method is detci-mincd not only by prothrombin 
content, but also by tliromboplastic activity, the dilution curve best depicts the 
influence of these two coagiUatiou factors. When thromboplastin “A” was 
used, it has been shown that the critical prothrombin times of twenty-seven 
thirty-five, and sixty seconds might preferably be expressed as 30, 20 and 10 
per cent of nonnal protlirombin. For purposes of comparison, prothrombin 
Percentagest are more easily evaluated than arc prothrombin times in seconds. 
It is absolutely essential, however, that each investigator establish a normal 
dilution curve for the ‘method as performed. Prothrombin times should not be 
expressed as prothrombin percentage on tlie basis of a dilution curve obtained 
oy someone else. In some instances dilution curves obtained by difterent 
i^^^^gators may be the same, but this is not necessarily so. 


- U. e.>s.= .hen 

'per “e"nl °e5 

S?Jw‘e‘eif f„rjr'o1?ro';„h.n cencentrnhon .s 
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Hoffman and Custer-“ stated that "thromboplastin of optimal potency has 
probably not yet been obtained and many reports liave appeared indicating 
that the standard and near optimal potency described by Quick was not used. 
When thromboplastin becomes a limiting factor, absolute values are no longer 
comparable and relative ones (i. e., per cent of normal) have not been shown 
to be strictly so.” 

In this study considerable emphasis has been placed on the factors, 
thromboplastin in particular, which may influence the prothrombin times ob- 
tained with the Quick i)rothrombin time test. However, this in no way is meant 
to minimize the importance of the Quick prothrombin time test, a test which 
continues to be the indispemsable guide to dicumarol therapy. 

SUMMARY 

The Quick prothrombin time test is a reliable guide to the administration 
of dicumarol, provided thromboplastins of constant potenej’' are used. 

Prothrombin time tests have been performed simultaneously using a less 
active thromboplastin (thromboplastin "A,” average normal, eighteen seconds) 
and more active thromboplastins (thromboplastins "B” and "D,” average 
normal, twelve seconds). 

Prothrombin times, indicative of critical levels of prothrombin, expressed 
as prothrombin percentages enable one to compare results obtained with 
thrombopIasti 2 is of differcJit activities. 

The important levels of prothrombin deficiency during dicumarol therapy 
are : the level below which thrombosis is unlikely to occur, the level which serves 
as a guide to dicumarol dosage, and the level above which bleeding is unlikely 
to occur. 

With thromboplastin "A” these levels have been established as 30 per 
cent (twenty-seven seconds), 20 per cent (tliirty-five seconds), and 10 per cent 
(sixty seconds), respectivelj". 

With thromboplastins "B” and "D” the prothrombin times denoting these 
critical levels have been established as eighteen seconds (30 per cent), twenty- 
one seconds (20 per cent), and thiity-five seconds (10 per cent). 

Prothrombin times denoting critical levels when still other thromboplastins 
are used may be ascertained by determining the prothrombin times on appro- 
priately diluted normal plasmas. 

The activity of a particular thromboplastin may be evaluated by determin- 
ing the prothrombin times on a series of dilutions of normal plasma. 
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SCHERER AND HO^VE 


The coronary ostia were wide and tlio coronary arteries of normal caliber tlirougliout witli 
smooth glistening intiinao. The ascending aorta was of uniform diameter with tliin, resilient 
walls and smooth intimal surface. There were a few minimal atheromatous deposits in tlie 
intima. There was a normal configuration of the major vessels arising from the arch. 

Lungs: The left lung weiglied 300 grams and the right 35,0 grams. Botli lungs were 
uniformly fairly well collapsed. The' external surfaces of all lobes were grayish-pink except 
for a well-outlined portion of botli lower lobes wliicli was dark blue. The visceral pleura, 
especially on tlie interlobar surfaces, showed fairly numerous petecliiac. Sections through 
both lower lolies sliowcd a deep red noncrepitant area wliicli was sharply demarcated from 
the normal-appearing paroncliyma. There were no focal lesions and no increased fluid prc.sent 
in this collapsed area. Tlie bronchi of both lungs were largely filled with bloody muco- 
purulent material but contained no actual clotted blood. 

Spleen: TIio spleen weiglied 400 grams. It showed approximately normal contour with 
some notching of the anterior border. The external surface was rcddi.sli-blne in color with 
a thin, smooth capsule. The consistency w:us moderately soft. Section sliowed a dark rod 
friable parenchyma in which a few small follicles were visible. 

Kuhwys: The loft kidney weighed 350 grams and the right 250 grams. Both wore of 
normal size and shape and were firm in consistency, the capsule strips readily leaving a smooth, 
reddish-brown surface. Section showed a normal configuration of medulla and cortc.x with 
prominent cortical striations. Tlic right renal pelvis contained clotted blood. Both ureters 
wore normal in caliber and position and contained no clotted blood. 

Liver: The liver weighed 2,900 grams. It was moderately enlarged and showed 
smooth rounded contours and normal lobar configuration. The consistency was moderately 
firm and the color reddish-brown. The lobular markings wore distinct. 

The pertinent microscopic findings were as follows: 

Tumor: Numerous sections from various areas of the mediastinal tumor showed a 
varied appearance. There was very extensive necrosis occupying two-thirds of the total tmnor 
tissue. In the better-preserved areas there was irregular arrangement of varied tissues 
including glands of various type.-i, nests of squamous epithelium, myxomatous tissue, and 
cartilage. In some areas the appearance was that of a highly malignant tumor but there 
was marked variation in the picture from one area to another. In other areas the picture was 
that of fibrosarcoma or reticulum cell sarcoma. In still other areas there were definite nests 
of anaplastic epithelial cells and glands, while still other areas showed cells of two different 
types, largo and small, in irregular arr.ingeinent, suggesting seminoma. Occasional areas 
showed infiltration by small round and plasma cells. 

Mediastinal Lymph Nodes: In one section the subcapsular sinuses wore filled with large 
tumor cells. These occurred as individual cells and the lymph node structure was not dis- 
turbed. Another section showed widespread infiltration of the sinuses by similar tumor celts 
but again the lymph node structure was not destroyed. 

Bone Marrow: Sections from sternum and ribs showed almost complete replacement 
of normal marrow by anaplastic tumor tissue containing numerous giant cells and many 
mitotic figures. There was very extensive necrosis of the tumor and marrow with fairly 
marked destruction and fibrous tissue replacement of the marrow colls. 

Spleen: The spleen was very cellular with prominent follicles. Anaplastic tumor cells 
were present throughout the pulp and sinuses, both diffusely and in groups. Many of tlieiii 
were giant cell forms with several nuclei, while mitotic figures and partially necrotic cells 
were plentiful. There were immature myeloid cells, a number of them eosinophilic myelo- 
cytes. 

Liver: The liver cells had a foamy appearance due to glycogen. The sinusoids con- 
tained numerous immature cells, many showing mitotic figures. Some of these resembled 
blast forms of the myeloid series; others were aiiparently tumor cells. There was no louceinie 
infiltration or areas of hemopoiesis. 

The final anatomical diagnoses were as follows: 

1. Perforating needle wound of sternum and pericardial sac. 

2. imeeration of anterior wall of right ventricle with liemoporicardiuni and cardiac 
tamponade. 

3. Malignant teratoma of anterior mediastinum with metastascs to mediastinal lymph 
nodes, bone marrow of sternum and ribs, spleen, and sinusoids of liver. 

4. Splenomegaly with myeloid metaplasia. 

5. Hepatomegaly. 

0, Petechial hemorrhages of skin and massive hcuioriiiago into renal pelves. 
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7 . Partial :vlt‘li‘i*tjuii.s of hotli lower pulinoiiai y IoIh’s. 
S. Fuporficuil alconilioii of loft Miiall toe. 


DISCUSSION 

Meyer and llaliieiii* reported the first death from sternal puncture. As in 
our ease, tliey experienced diftieidtX' in aspiratiiif? marrow, and tlieir patient 
ilied shortly thereafter witli feeble, rapid pulse, unobtainable blood prcssiue, 
and distended ncek veins. Tlieir patient expcrieiiecd no pain other tliaii that 
iihieh iniglit be expected in an individual made more apprehensive liy unsuc- 
ces.sEul attempts at a.spiration. TIio same may be said of our patient. Unable 
to secure autopsy, !Meyer and Ilalpein attributed death to “cardiac ininbttory 
retlexes tlirough the vagus, initiated by fear.’’ As the signs in the two cases 
were identical, it seems not unlikely that tlieir patient also died of caidiac 
puncture and tamponade. Cardiac tamponade is accompanied by pallor with 
dbtended neck veins, wliile on tlie other hand vasovagal syncope (slioeh) is 
accompanied by pallor but witli eomplololy collapsed veins. 

In a large .scries extending back to liKlO, one of ns (J. If. S.) lia.s expel i- 
enced no other accident or seiiuela of any type in performing sternal pnnetuio. 

ith the exception of the fu'st year or two, he ha.s used an IS-gauge spinal needle 
Siawed off and rebevellcd to a length of about 114 inches and has employed the 
technique of boring directly down into the mid-sternum at the level of the third 
orfourtii rib. There have lieeii oeciisional diftieuUios in finding and aspirating 
marrow. Sueli cases have usually proved to be patients witli osteoselero-sis, 
sclerosing metastatic tumors, or Paget’s disease. Under such cireumstanoes, tlie 
operator lias often felt that lie had pierced the lower sternal plate, but no un- 
toward effects followed. 

Tlie ease under di.scussiou was one of metastatic tumor producing con 
iiderable fibrosis in the marrow. This seems sufficient to account for the difii- 
oulty encountered. Tlie fact that the needle reached the heart may have been 
due to altered mediastinal conditions, tlic large tumor possibly forcing tiie 
licart nearer the sternum, than normal. 

It might be expected that puncture of the heart, even with an Ib-gaup 
iiccdle, would not result in fatal liemorrhagc. However, the needle was fixed in 
11m stenuun and the point embedded in Ihe wall of the right ventricle, which 
apparently resulted in laceration of the myocardium due to the movement ot t le 
against a fixed, sharp object, the needle point. It is interesting that the 
acei'ation did not communicate with the ventricular cavity oi wit i any majo 
’^^aneli of tlie coronary arteries. Apparently, Iiemorrliage from the myocardium 
sufficient to produce fatal tamponade within the course of thirty minutes 
Since tliis unfortunate accident, whenever difficulty has been ^peiieiice , 
has lieeii witlidrawn and a different technique followed. This consists 
mserting the needle into the sternum in the same area from below at an aiig e 
of 15 degrees. In our experience, whenever difficulty is the bo e 

a gritty, porous, corklike feel which makes it easy to pene la ^ 
a determine position. At such an angle, the danger of deep pene la lo 
“t'ed to a minimum. 

SUMMARY 

The second death from sternal puncture recorded in the literature and the 
autopsy on such a case is reported. The cause of death was cardiac tam- 
due to hemorrhage from laceration of the riglit ventricle by the needle. 


''aui. n'.'® Leo M., 
‘ 217. 1944. 


and Halpein. Jacob: 


Death Followms Sternal Puneture. Am. J. Clin. 



AN INTEIBIEDIATE TYPE Oji’ OVALOCYTOSIS IN A NECIRO 


Ekkn Wagxek, B.S. 

jMix NEAPOLIS, 'illNX . 


A n increase in ivvnnber of oval ox' elliptical erythrocytes above the 
Gunther index* in healthy individuals is commonly referred to as “ovalo- 
cytosis.” This phenomenon is considered a nonsex-linked Mendelian dominant 
ciiai'acter occurring in the white and the Negro races. According to Elorinan 
and Wintrobe,^ these ovalocytes or ellipsoid cells do not undergo a change in 
shape when subjected to tlie scaled chamber methods. Ilunter and Adams^ 
claim that at 54° C. the elliptical cells become discoid in shape. Terry and co- 
workers** and Cheney* noted that repeated washing in isotonic saline caused a 
change of the ovalocytes to round forms. Lcilner,® according to ‘Wintrobe,*'* 
found no abnormality in resistance to hypotonic saline, although Stephens and 
Tatelbaum® noted the presence of poikilocytes. Jliller and Lucas* stress that 
the elliptical ex'ythrocytc is not a poikilocyte but a congenital anomaly com- 
patible with health. Dameshek- described a condition xinder the name of “Medi- 
terranean Target-Oval Cells Syndx'ome” in which ovalocytes are part of the 
peripheral blood pattern. He observed an increased resistance of the erj-thro- 
cytes to hypotonic saline. 

It is the purpose of this paper to report a series of experiments done on a 
fresh sample of blood obtained by venepuncture from a healthy adult Negro 
-..whose ciythrocytes were distinctly elliptical (Fig. 1) but which rounded up 
nder sealed conditions (Fig. 2) . This change of shape could be reversed. It is 
-'iTr cd that the observations reported here suggest the existence of an, as yet, 
little investigated “intermediate type of ovalocytosis” belonging in the group 
of “erythrocyte thinness.” There xverc 86 elliptical cells per 100 erytlmocytes, 
few macrocytes and microcytes, and occasionally a red cell believed to be a 
poikilocyte. A sealed preparation was made; after fifty-six hours, no sickle 
cells were present, but practically all elliptical erythrocytes were rounded up- 
A small sample of blood xvas repeatedly xvashed in physiologic saline solution 
and some roxuiding up in shape was noted. These xvashed cells were submitted 
to the seal test. One preparation was placed in the icebox and another exposed 
to room temperature. In both preparations the cells had completely rounded 
up after txventy-four hours. Addition of the donor’s plasma to these twenty- 
four hour preparations caused the cells to assixmc their former elliptical shape. 
No increase of poikilocytes xvas observed. Another sample of washed cells was 
sealed until rounded up while exposed to room tempex’ature. The seal xvas then 
broken and the roimded ixp erythrocytes x-eturned to their original shape aftei 
five hours. Fragility tests oix the stock sample and of the washed cells were 
essentially normal. To a sample of washed and roxmded up cells an equa 
amount of plasma of the same blood type was added; within a few lioui'b the 
ex’ythrocytes assunxed their elliptical shape. A sample of the original blood w^ 
permitted to remain iix the doixor’s plasma, and the preparation xvas stoie in 
the refrigerator for eight days. The majority of the elliptocytes retained t leii 


original shape. _ 

The donor’s serology was negative. A history of tuberculosis 
be obtained. The blood icteric index was 5 units. Reticulocytes were 


could not 
1 per cent. 


From the Hematology Laboratory, Minneapolis General Hospital. 
Keceived tor publication, Jan. 11, 1045. 
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Tlicrc Avas no {Uiemic state. I\Iean corpuscular diameter of the eiytlirocytes was 
7.7 microns. 

DISCUSSION AND SUMMAUY 

Tlie observations presented in this paper seem to siispest that this apparent 
biologic variable of true ovalocytosis is of an intermediate type and does not 
ncccbsarily represent a pathologic state. As far as could be determined, this 
Xegro donor enjoyed good hcaltli at the time the f)Iood sample was obtained. 
His crytlirocytcs were not'only distinctly elliptical, hut tlie cells rounded up in 
the sealed cliamber after twenty-four to fifty-six hours. Tliis observation does 
not support the finding of Flonnan and Winti’ohc, tliat in tlie true ovalocytosis 
the erythrocytes retain their original shape. The change in form would suggest 



riff. 1 — Blood nim niaile fiom specimen obtained by venepuncture Note the conspicuous 
cUlptical shape of the erythrocytes and the central achromia. 
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that the case presented in this i)aper is similar to the eases studied by Terry and 
associates and by Cheney. The fragility test did not reveal any abnormality 
of the erythrocytes. It is interesting, further, to point out that in film prepara- 
tions made from the fresh sample of blood obtained by venepuncture, practically 
all elliptocytes showed a jnoro or-le.ss central achromia, but this phenomenon 
was not observed Avhcn the cells Avere rounded up. No target or sickle cells were 
observed, but a small number of macrocytes and microcytes and oceasionally a 
poikiloeyte Avere present in the original blood specimen. Their number did not 
increase in any of the ijreparations described in this paper. No hemolytic 
process could be made out at the time the blood sample Avas obtained. The next 
of kin of this Negro could not he reached for study purposes. 

It is a.ssumcd that the case repre.scnts an “intermediate type of ovalo- 
cytosis." The impression is fa\-orcd ti)at individuals of this type represent a 
link betAveen the entities believed by Dameshek to be characterized by erythro- 
cyte thinness, target, elliptical, and oval cells, stippled erythrocytes, hypo- 
chromia, and increased resistance to hypotonic sodium chloride solutions. 
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PREIrlMINARY REPORT ON A RAPID JIETHOD FOR DIAGNOSING 

SICKLE-CELL DISEASE 

Paul jM. Neuda, M.D., and JEaurice S. Rosen, i\I.D. 

New York, N. Y. 

T he folloAving rapid method for the diagnosis of sickle-cell anemia and sielde- 
cell trait is based on the prompt occurrence of sickle-cell forms wlieii a diop 
of sickle-positive blood is mixed with a broth culture of a saline extraction o 
normally excreted human feces. Soon after mixing a droplet of such boo 
with a drop of the culture on a slide and covering Avith a cover slip, the 
ated evolution into crescentic forms can be observed in the microscope, 
time required for these changes to develop Avas found regularly to be less 
one hour and in some cases only ten to twenty-five minutes. In 
cases, the characteristic changes appeared after twenty-five, fifty- 

^om the AViclcersIiam Hospital. New York, N. Y., and Haemlo. Research Labora 

New York, N. Y. 
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twenty miiniles, respectively. The variations in time depend very probably 
111)011 both the sensitivity ol the blood and the stren^tli of the iiiiliiiown factor 
coiilaiiied witiiin the liroth. 7’luis the lonj^ intervals of six to twenty-four or 
more lioiiiM frequently rcipiircd by the usual sealed wet preparation method, 
especially in cases harboring the trait onij- (Wiiitrobe'), are avoided. 

Our method has been studied during the past three years on bloods of 
twenty-three patients with .sickle-cell disea.se and lOS controls. Twenty-two of 
those with .sieklo-eell disease were Negroes and one was a white-appearing 
Nicaraginm hoy born of a Negro mother. Of the controls, fifty-eight were 
Negroes and fifty were white. 

.l/et/iod. — A cherry-sized quantit.v of normal human feces (formed, not 
diarrheie) is mixed with 5 e.c. of normal saline, stirred with a glass rod to a 
line snsi)eii.sion, and filtered. (4f the resulting filtrate, 0.1 e.c. is transferred 
into 5 e.c. normal broth and incubated for twenty-four lionrs at 37° C. The 
ro.siillaiit cnltnre lliiid is then rcad.v for ii.so To e.xamine blood for sickling, 
a drop of this tinid is placed on a slide and a small droplet of the suspected 
blood gently mixed into it, covered with a cover slip, and examined mioro- 
•scopically. 

AVe have designated this culture as ferment broth for reasons .soon to be 
imderstood. Following the twent.v-four hour period of incubation, it is neces- 
sary to keep the ferment-broth either in the refrigerator or at room temperature 
hut not in the incubator. It is also ncces.sar.v to renew the culture every few 
day,s, either by repeating the above procedure or by transplanting into normal 
broth. 

The changes that can be observed in affected blood are attributed by us to 
a eell-destruotive process, terminating in the appearance of sickled red cells. 
The process may bo termed a lieinol.vsis of siclde-ccll type. The damaging 
factor contained in the broth is veiy jirobably of an enzymatio nature. It 
is suggested that this snbstanec might be identical with, or closely similar to, 
the so-called "blood gronj) property-dc-sfro.ving factor,'’ or "blood group fer- 
uient,” as elaborated by Scliiff and co-workci-s.” The following similarities are 
enumerated in support of this a.ssuniption: 

1. The resemblance between our method of production of the ferment broth 
and theirs 

2. The development of the .sub.stance b.v means of incubation 

3. The retention of the substance along with the bacteria upon rigid filtration 

4. Its ea.sy transferability fiom one broth to another 

5. The action of the substance upon bloods of all the blood groups 

fi. Its universal presence in the feces of persons of all the blood groups 

It may be further slated that: 

1. Sicldiug of red blood cells never failed to appear with our method 
m any of the bloods in which sickling had occurred in the ordinary sealed 
"et preiiaration. Conversely, we found .sickling produced in instances in 
"’Inch the ordinaiy methods faded. The superiority of the method, therefore, 
appears to reside not only in its acceleration of the phenomenon, but also in 
die number of cells involved in the change, as well as in the specificity of action. 

2. Sickle-cell anemia blood showed a somewhat more rapid appearance of 
sickling than "trait" blood with our method. This difference in time, however, 
i^oes not seem to be of too much significance, since it can easily be attributed to 
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the high sensitivity of such bloods in crisis and to the smaller number of red 
cells exposed to the diagnostic agent. We consider it air especially fortunate fact 
that precisely in the “trait,” where the underlying condition cannot even be 
hinted at in a casual examination of the freshly shed blood, are we enabled to 
follow microscopically the dramatic development through the several well-defin- 
able stages toward the final so-called sickle cell. (A description of these transi- 
tional stages will be included in our next communication.) 

3. Tlic effective agent in the broth containing the saline extract of feces 
appears in recognizable strength only after its incubation and is then transfer- 
able. 

4. The pH of the broth culture, in our experience, does not seem to play 
a prominent role. After twenty-four hours’ incubation, the pH of our broth cul- 
tures was found to be around 6.7. Thereafter, the acidity increases whereas 
the effective strength of the culture decrca.scs. 

5. Due to the fact tliat lliere Is no essential difference in the effects produced 
by our substance on sickle-cell anemia and sickle-cell trait, wc arc led to consider 
both conditions as expressions of the same underlying pathology in varying 
degree and are therefore using tiie term “sickle-cell disease” for both conditions. 

We will present our detailed findings in a more inclusive report to follow 
.shortly. 

UKl'KinCNCES 
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seionco Publislicr.s, Inc., p. 382. 


ALTERATIONS IN THE CONCENTRATION OF THE BLOOD 
DURING PREGNANCY 

J. W. JIuBL, Pii.D., AND A. H. Bir.L, H.D. 

Cleveland, Ohio 

T his investigation was undertaken in an effort to determine whether or not 

there was evidence to substantiate the conviction suggested by the work of 

Dieckmann and his co-workers, that the alterations observed in the blood ol 

pregnant women are due to a dilution of the blood rather than to an actual sys- 

temie loss of the blood constituents. That there is a fall in the concentiatiou 

of the various blood constituents during pregnancy has long been recognize • 

Killian and Sherwin,i for example, in 1921, and also Caldwell and Lyle, omi^ 

n definitely lowered concentration of nouprotein nitrogen and urea, " 

• • • ~ power 

acid- 


Killian and Sherwin also showed a lowered carbon dioxide eombinnig 
during the latter months of gestation but failed to find a lowered uric 


We^ established ranges for the carbon dioxide content, the oxygen coiiten 
capacity, red cell count, cell volume, and hemoglobin concentration o 
blood of pregnant women in contrast to normal blood of 
One of us (J. W. M.),* using imiiroved equipment and methods, foun a o' 
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range for uric acid. ^\ C"' showed a fall in both serum e.ileiuiu and phosphorus. 
Dicclcniauu and AVcgiicr'^ deiuoiislratc aii iiiei'case in I)oth blood and plasma 
volumes, resulting in a fall in cell volume, heinoglnhiu. and serum protein con- 
centrations per 100 c.c. of blood. This indicates tint there i.s during jirognanev 
a dilution of the blood winch increases the volume and lowei’S the concentration. 

To secure furtiier infoiiualion on this, ^\e liave determined the specific 
gravity of the whole blood and of the plasma in a series of women throughout 
pregnancy, following tlic same individuals so far as was possible. Wc also 
determined tlie red cell volume.s. The specific gravity determinations were made 
by means of tlic Eimcr and Amend falling drop aiijiaratus, as described by 
Barbour and Hamilton,' with the pipctle controller rceomniended by (juthrie.* 
The details of this method have been given by Drew, Seiiddor. and llapps.” Wc 
modified it to the extent of using heparinized whole Ifiood, which could be taken 
to the laboratory and carefully eiieeked by reiieateil readings, rather than using 
finger lilood, with no antieoagulaut, in the dispensary or at the liedsido. Plasma 
determinations were made on the same heparinized blood specimens after the 
cells had lieen spun down for llie cell volume determuiation. The cell volumes 
are given in per cent of the cells to the volume of the whole blood used after 
centrifuging it at high speed until there was no further packing of the cells. 

The results, given in Table I, show that from the interval of the Iwonty- 
seventli to thirty-second week before delivery to that of tlie fifth to oiglith week, 
there is a small but inuntorruptcd fall in the specific gravity of whole blood, 
of plasma, and cell volume. After a vatlier abrupt fall lietweon the first two 
intervals recorded, the changes from one interval to another are loo small to 
have statistical significance. The uninterrupted trend, liowever, whicli occurs 
without cxcc])tion in all three of the factors measured, is most significant. So 
also is the fall taken as a whole; for example, the averages of the early interval 
of twenty-seven to thirty-two weeks before delivery com])arcd to those of the 
five- to eight-week period give a critical ratio of o.4fi for tlie whole blood, 5.54 for 
the plasma, and 4.S2 for the cell volumes, showing a very definite statistical 
significance for all three determinations. 


T.^BL^ I 

Dilution Observed in Pregnant Blood 


INTERVAL 



SPECIFIC GRAVITY 


1 

I 

JELL VOLUME 

(weeks 


WHOLE BLOOD I 


PLASMA 1 




BEFORE 

bblivery) 

NO. 

j SIEAN j 

STANDARD I 
ERROR 

NO. j 

MEAN j 

STANDARD 

FUROR 

1 NO. 

MEAN 

ERROR 

-7 to :J2 

29 

1.0510 

0.000477 

.31 

1,0200 

0.000255 

31 

38.0 

0.071 

21 to 2G 

58 

1.0504 

0.000327 

58 

1.0257 

0 000153 

57 

.1.5.9 

0.49S ' 

15 to 20 

57 

1.0493 

0.000310 

58 

1.0255 

0.000221 

58 

35.2 

0.305 

9 to li 

03 

1.0484 

0.000332 

03 

1.0252 

0.000193 

03 

34.7 

0.318 

5 to 8 

43 

* 1 0482 

0.000428 

45 

1.0248 

0.000202 

44 

34.4 

0.327 

1 to 4 

40 

1.0495 

0.000395 

49 

1.0251 

0.000114 

49 

30.4 

0.404 

7 (lays post 
partum 

57 

1.0527 

0.000559 

57 

1.0271 

0.000490 

57 

39.7 

0.751 


The lowest values, indicating the period of greatest blood dilution, were 
obtained for the interval of five to eight weeks before delivery. It .sliould be 
noted, however, that the true miuimuin. might be somewhat outside this 
arbitrarily selected interval. The rise to the period of one to four weeks be- 
fore delivery is again small, but noted in all three factors measured, while that 
from one to four weeks ante partum to seven days post partum is quite market* 
The critical ratios for the entire rise are 6.50 for whole blood, 5.03 for pi 
and 6.4:7 for cell volume, again all being vl— l^-^.significant. 
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luio one might logic-ally anticipate that this dilation of the blood durhm 
preguaucy would ho continued until term, the prenatal recovery recorded has 
also heen noted in other determinations. For example, the variation curve 
of .serum calcium and phosphorus reported by us in 1934= shows the .same tend- 
ency. Dicckmann and Wegnei-^ ahso observed tliat the maximal decrease in 
lienioglobin concentration ocem-s between the twenty-sixth and thirty-fifth 
weeks ; that is, five to fourteen weefe before delivery, itieekmann, liowever, not 
oidy failed to note the prenatal increase during tlie ]a.st four weelcs before de- 
livery, l)ut reported the greatest increase in blood volume to be at term. Neither 
did he ob.sei \ e cui immediate ])osl-j)artum reeovei*y. 'While we are concerned 
over this divergence in findijigs, we feci that we have noted it so distinctly in so 
many factors tiial it cannot he ignored. It was apparent not only in the serum 
calcium and pliosphorus, the specific gravitj" of whole blood, of plasma, and of 
cell volume, but also in the viscositj- of whole blood. Prenatal dispensary 
admission blood averaged a viscosity of 4.1, with a standard error of 0.049, while 
seven-day post-partnm blood averaged 4.8, witli a standard error of 0.215. Tlie 
critical ratio helween these is 3.21, proving that the difference is of definite 
statistical signiticanee and supporting the okservation of immediate post-partum 
recover)'. 

We have no explanation for this prenatal recovery, other than that it prob- 
ably results from a maturity of ge.station. There i.s, however, a most interesting 
analogy wliieh suggests a possible mechanism for it in the sodium pregnanediol 
exci-etion stadic.s made by Baelunan, Lcekley, and IIirschmann,=“ who find a 
gradual average inereaso in the pregnanediol excretion rate from early preg- 
nancy until about two to four weete before delivery, then a sharp fall until 
term. Smith, Smith, and Pincus" iuivc e.stablishe(l a similar prenatal fall in the 
urinary excretion of estrogens. It would therefore seem possible that liormoue 
regulation of water balance might he responsible both for the blood dilution 
during gestation and for ti\e slight prenatal concentration during the last few 
weeks before delivery. 

The concentration of the plasma proteins may be obtained from the 
specific gravity of tiie plasma according to the formula worked oiit by "SVeech, 
where the plasma protein, in grams per 100 c.c., is equal to the specific giavit) 
of the plasma less 1.0069 times the factor 340.1. We have found this method to 
bo very satisfactory, giving good agreement with other methods of the mieio 
Kjeldahl type, as, for example, that of Howe.- Using we have 

Ajonverted the specific gravity averages of the plasma fiom aje ° . 

tein averages for the various intervals recorded, as shown in Table I . 
emphasizes the prenatal upward trend and post-partum recovery. 

Table II 

Pl.vsm.v. Puoteis Dukino PuEox.vxcy 
CAI.CUL.VTED From tub SrECiric GK-vwTy of the Plas.va ^ 


interval 

(WEEKS BEFORE DELIVERY) 

27 to 32 
21 to 26 
13 to 20 
9 to 14 
5 to S 
1 to 4 

I days iwst partuni 


MEAN 

SPECIFIC QRAVirr 
OF TIIE PLASMA 
1.0260 
1.0257 
1.0255 
1.0252 
1.0248 
1.0351 
1.0271 


CALCULATED PROTEIN 
(grams PER 100 C.C.) 
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COXCLUSIOXS 

Kvidciice Jins been submitfed wJiich indicates tlint there is a gradual but 
iiniiilcrrupted dilution of tlic blood fi*oni early prognauoy up to a point some 
five to cigiit weeks before delivery. From t}ii.s point on there is a small gradual 
coucciUration until delivery, after which the blood quickly retunis to non- 
pregnant levels. 

Such a dilution c.\plains the fall in tlie concentration of the various blood 
constituents noted by most observers during normal pregnancy. 
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DE3I0NSTEATI0N OP THE COKONAEY AETEEIAL SYSTEM 
AYITH NEOPBENE LATEX 

John E. Siiitii, -M.D., and Margaret Jones Henry, A.B. 

St. Louis, ]Mo. 

V ISUi\LIZi\.TION of the coronary vasciEar system has been accomplished 
largely tlu-ough the use of injection masses or colored fluids forced into 
the vessels. Jlixtures of barium sulfate and gelatin,' various colored coagulants, 
cellulose, and otlicr substances-"^ have been utilized successfully for such pur- 
poses. In some instances, injection of the system vitli semisolid material 
facilitated dissection of lai’ge or small vessels; in other cases, corrosion speci- 
mens of the coronary system (castings of the vessels) were prepared. By such 
methods, valuable information has been gained concerning the myocardial 
vascular bed. Jlore recently Batson® and Gamble' have reported the use of 
liquid latex as an injection mass in blood vessels. The substance is readily 
introduced into the arteries and, when solidified, greatly facilitates their identi- 
fication. Licb® has used nco]n-enc in a study of the vascular tree of the kidney. 
Her method of perfusing the renal vessels ndth neoprene appeai-s to provide a 
simple technique for study of a vascular system cither in corrosion specimens 
or in microscopic' section. 

This communication describes a method for the preparation of corrosion 
specimens of the coronary vascular bed in the dog heart. 

AIETHOD 

Prepunitioii and Infasion of the Coronary Arteries With Neoprene .^ — ^For 
the injection of the coronary vessels Avith liquid latex, the general principles of 
Lieb’s technique® Averc folloAved rather closely. Because of the peculiar 
anatomic conformity of the coronary arteries, it Avas necessaiy to devise a special 
procedru’e of injection. 

1. Dogs anesthetized Avith sodiiun pentobarbital Avere killed by opening the 
thorax by sternal cleavage, permitting pulmonary collapse. 

The heart, lungs, and trachea Avere immediately excised en masse. The 
lieai’t Avas freed bj"^ cutting the pulmonary artery and veins and removing the 
huigs, trachea, esophagus, and other mediastinal tissue. The pericardium Avas 
opened and removed. The heart Avas then rinsed in tap Avater at room tempera- 
ture until the ehambei-s Avere free of gross blood and clots. 

2. Glass eannulac Avere next inserted into the right and left main coronary 
arteries. The cannulae Avere introduced through the coronary ostea Avithin 
the aortic lumen. One ligature of fine siring Avas utilized to tic the eaniiida 
in place in each artery and Avas secured AAfith a boAAflinot. Later the boAvluiots 
could be untied Avlien the cannulae A\'ere A\dthdraAA'’n, and then retied in square 
loiots to ligate the vessels. Thcz’efore, it AA’as necessary to use only one ligatuie 
about the main coronaiy stems, of Avhieh the left is very short in the dog heart 
(detail in Pig. 1). 

From the Department of Internal Medicine, AVashington University School of Medicine, 
and the Oscar Johnson Institute for Medical Research. 
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3. Tlie coronary system was tlicn irrigated with tap water for from four 
to ciglit hours. Water wa.s allowed to flow constantly through the heart at a 
rate o£ appro.ximately 50 to 75 c.c. per minute. 

4. The tubes to the cannulac were elamped, and the heart was placed in the 
icebox overnight with the eannulae in place and with the tubes and arterial 
system filled with water. The latter procedure permitted the e.xelusiou of air 
from the system when neoprene was siihsequentiy infused (sec Pig. 1). 



«... l.—solicniatio diagram ol cannulac In place for irrigation of the W'”' 

OTitl infusion of the arteries with neoprene latex. Cannulac arc inserted the artenes 
through the aortic ostca. A sliowa cannula tied into U»e left main coronary arte^ , ® 
of endothelium about the ostcuin Is dissected up. about which the 

^hSs procedure is made necessan* by the shortness of the left coronar>. '’.\® 

^Sht coronar>- is sccurctl by a ligature ptussed around the vessel 

^ Before insertion of the cannulac. the tubes arc filled with watei and allowed to drip siowiy 
50 as to excludo air bubbles. 


5. After removal from the icebox, the heart was wanned by being placed 
hi warm running water for thirty minutes or more. The tube leading to the 
cannulac was then, attached to a simple pressure flask containing the neoprene 
latex at room temperature. Neoprene was allowed to flow into each, cannula 
separately, after careful exclusion of air bubbles from the system. Pressures 
of 150-170 mm. Hg were applied to the system, and the latex was injected for 
approximately three minutes into each of the coronary arteries, or until all of 
flic superficial vessels seemed obviously well filled. Following injection, the 
tubes were again clamped; the bowltnots securing the eannulae were untied 
and were quickly drawn up to ligate the vessels when the eannulae were re- 
moved, preventing escape of the neoprene. 

fi. The heart was transferred to a mixture of 1 per cent acetic acid and 
per cent formaldeliyde for from eighteen to twenty-four hours to fix the tissue 
and to coagulate the rubber. 

Corrosion, and Mounting Procedufes. — Because of the “hasketlike” char- 
acter of the entire coronary system when the myocardium and otJicr supporting 
tissues are removed, and the delicacy of the rubber casting of the vessel system, 
it was necessary to devise a means of supporting the casting in sometliing like 
its natural conformity. After many trials the following teelmique was adopted : 
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1. When the heart had been fixed in the formalin-acetic acid solution, tlie 
auricular and ventricular cavities were filled with neoprene. A small, long- 
stemmed glass funnel was passed through tlic superior vena cava and one of the 
orifices of the pulmonary veins into the chambers and neoprene was poured 
in slowly. The heart was frequently tipped while filling to remove air bubbles. 
When the chamliers were filled, pledgets of cotton soaked in glacial acetic acid 
were applied to the orifices to prevent escape of the neoprene. 

2. The heart was again immersed in the 4 per cent acetic aeid-formaliu 
solution for from eighteen to twentj'-four hours to permit hardening of the rub- 
ber within the cavities. 

3. Care was taken to remove all bits of rubber clinging to the outer surface 
of the heart which might later adhere to the finished specimen. 

4. A small glass rod, pointed at one end, was thrust through both ventricu- 
lar cavities (piercing the lateral ventricular walls), thus impaling the rubber 
within the heart. The rod pierced the lieart below the auriculo-ventricular 
sulcus to avoid distorting the principal coronary vessels; it was bent into a wide 
loop so that the organ coidd be suspended, apex downward, in a jar containing 
fiuid. 

5. The suspended heart was immersed in concentrated commercial h 3 ulro- 
chloric acid for two days (at room temperature) to allow digestion of all tissues. 

6. The resulting ca.sting of the coronaiy arterial system is so delicate that 
care must be taken in removing the acid and dige.sted material. This was 
accomplished by inserting a small glass tube, connected by rubber tubing to the 
water faucet, into the acid jar so that its end rested upon the bottom of the 
jar. Tap water was tlieii allowed to run in slowly for from one to two hours, 
displacing the acid and dige.sted material. \Vashing was continued until the 
easting was free of all particles. Tlie washed specimen was allowed to remain 
suspended in clear water. Usually glacial acetic acid was added in quantity 
sufficient to bring its concentration in the bath to about 4 per cent. Such acidifi- 
cation preserves the rubber; the addition of a few crystals of thymol inhibits 
the growth of mold. If the specimen is to be kejit permanentl}’', preservation 
in Dowieide’s solution® is advised. 

DISCUSSION 

The finished specimen, suspended in fluid, is in conformity to the size and 
shape of the heart. On close examination, the principal eoronaiy arteries and 
their tributaries are readily identified, and the ramifications of the smaller 
vessels may be followed into the delicate tracery of the arterioles and to the 
capillaries which appear as fine wool. The mass of rubber contained in the 
ventricular cavities is not visible due to the thick, overlying casting of the ven- 
tricular arterial system. The auricular walls are so thin that the A’essel network 
permits the rubber contained in the auricular cavities to be seen. 

There was some question as to Avhether the minute vessels, which, in toto, 
appear as a mass of spun glass, Avere in reality castings of the capillaries. The 
individual strands of this mass are probablj’^ hardly visible to the unaided eye. 
Preliminary studies of the perfusion of neoprene into the capillaries, demon- 
strated by microscopic sections, has shoA\m that the capillai’y bed is readily 
injected Avith neoprene under conditions identical Avith those occurring in these 
experiments. It seems to us probable that most of the capillaries Avere thus fiUe 

The infusion of neoprene into each of the main coronary arteries for 
approximately three minutes (under pressures of from 150 to ITO mm, I g) 
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Pig. 2. — A shows the flutshed cor- 
rosion specimen of the coronary vessel 
system of the dog heart hi anterior 
view. The specimen Is Immersed in 
lluld The left descending coronar>’ 
artery and a portion of the left cir- 
cumflex coronary artery aic readily 
Identified. A small section of the right 
coronary artery Is seen on the extreme 
right boiHlcr of the casting (to the left 
in the illustration). Small branches of 
the arterial system are visible, fliially 
terminating In the smallest vessels. 

B 

the same , 
of the 1 ' 
cumhex a 
of the rig 
on the pi 
Uo the r 


lien of 

■ ' • heait 

. nteilor 

■ ■ heart 

t ■ „ rj’ was 

ligated at the point indicated by the 
Ink line prior to washing the sy«tem 
with water and infusion nith neoprene. 
The area where vascular filling with 
neoprene failed to occur is shown by 
tile depressed area indicated by the 
arrow. Below the point of ligation, 
the left descending coionary slowly 
filled with neoprene bv retrogi’acle flow 
from anastomoses with the right coro- 
narj' vessel. 


Pig. 3. 
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appeared to be adequate foi* reasopabiy complete filling of the arterial system. 
When the rubber mixture was permitted to flow into the arteries for longer 
periods of time, it frequently passed the capillary bed to fill the large cardiac 
veins. Although demonstration of the cardiac veins filled with latex may be 
useful in certain types of observation, it was not desii’ed in these experiments. 
Venous filling was thus prevented by limiting the time of inflow of rubber 
mixtui’e. 

We have found it necessary to keep the specimen suspended in fluid. When 
removed from the bath, the entire casting collapses into a small, amorphous mass. 
When replaced in water, the strands of the casting will again separate and float 
freely so that the larger vessels may be identified, but the most minute strands 
do not separate from each other and the capillary portions of the exhibit are 
permanently lost. Therefore, unless a portion of the specimen is to be cut away 
for special examination, the imbber casting is best kept constantly immersed. 

A corrosion specimen of the coronai’y system may be prepared wdtbout at- 
tempting to support it by filling the cardiac chambers with latex. The un- 
supported casting may then be cut longitudinally in any place and floated in 
ivater to exliibit the course of blood vessels in plane sui'face. 

Such preparations are useful in demonstrating the extent of the normal coro- 
nary vascular system. However, it appears to us tlmt the method may attain 
greatest usefulness in the study of anastomoses between the principal coronary 
vessels, and the extent of collateral circulation following coronaiy occlusion. 
Our preliminai'y studies indicate a high degree of anastomosis between the main 
coronary vessels; tlie size of infarcts, following the coronary closure, may be 
dependent upon the presence or absence of such anastomoses (see Pig. 3). 


SUMMARY 

A method is desci'ibed whereby neoprene latex is infused into the coronary 
vessels of the dog heart. Corrosion specimens, employing concentoted hydro- 
chloi’ic acid, may be made which appear to preserve all details of the coronary 
arterial system lumina including the capillaries. The cardiac cliambers may be 
filled with liquid latex and the whole organ suspended by a glass hook to support 
the vascular casting when the myocardium is digested away. The finished 
.specimen is kept immex-sed in fluid so that the minute strands are separated and 
details of the coronary vascular system may be seen. ' ■ , . 

The authors are indebted to Dr. Eobert A. iloore. Department of Pathology, for many 
helpful comments and for the suggestion, that neoprene bo used in these experiments. Tlio 
Rubber Laboratories of E. I. du Pont do Nemours and Co. kindly furnished the neoprene 
latex used in these experiments. 
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A KAPID PRESmiPTIVK COMPLEMENT FIXATION TEST FOR 
SYPHILIS 


COMMANDKR MaX SlIAWElCER 
JIedicai, Coups, Uniti-:d States Naval Reseii\T3 

•^UE rapid presumptive complement fixation test to be described is useful in 
1 u’cediii*' out possible cases of syphilis in pliysieal fitness groups, in pre- 
transfusion donor testing, and in similar situations where any rapid presump- 
tive test is needed. It does not in any sense replace the standard Kolmcr, Kline, 
Hinton, Eagle, or Kalin tests and should be cheeked by one or more of the 
standard tests as soon as practicable. The reaction depends on the native com- 
plement and the native hemoly.sin against guinea pig crytln-ocytes present in the 
examined blood. Either or both of these may occasionally be weak or absent, 
111 which case the test yields a false positive result. However, since a diagnosis 
IS not made on this method of testing, an occasional false positive reaction is 
inconsequential. The test is simple and requires vciy little equipment ii’ot 
usually found at medical stations. (An orange crate will house four pigs, a 
month’s supply, if an animal is .sacrificed at each bleeding.) 


Method. — 

1. Transfer 1 c.c. of freshly drawn venous blood into a small tube contain- 
ing 0.5 c,c. of Kolmcr antigen (Vjr,**) and .shake vigorously. 

2. Place the tubes in a water batli at 37 to 30° C. for one-half to one hour. 

3. Remove tubes from the water bath and cut the clot loose if it is adherent 
to the tube wall. 

L Centrifuge the tubes until tiic supernatant stratum is free from erythro- 
cytes, 

5. Pill a white blood ccll-counling pipette to the bulb with tlie supernatant, 
ciythrocyte free, seruni-antigcn mixture, continue filling the pipette to the 
11” mark with 1 per cent washed guinea pig erythrocytes, and mix. 

0. Incubate under desk lamp at 37 to 38° C. for fifteen minutes. 

A hemolytic control tube is not routinely used since all the tests showing 
incomplete hemolysis arc cliecked routinely by standard methods, regardless 
of the cause of inhibition. If desired, a control may be set up by substituting 
0.5 c.c. of 0.85 per cent saline solution in step 1 for the 0.5 c.c. of antigen niix- 
turo. This will show if the natural complcmcnt-hemolysiii content is adequate. 
Equipment required for performance of the test is illustrated in Pigs. 1 and 2. 

A negative test shows complete hemolysis of the guinea pig cells in the 
pipette bulb; the white bead appears sharp in outline. A strongly positive 
test shows no hemolysis, the bulb contents being opaque and the agitating bead 
indistinct. After the cells sediment to the bottom of the bulb, the supernatant 
tiuid is water clear. AVealdy positive tests show partial but not complete hemo- 
lysis. After standing some time, the sedimented cells have a tendency to ag- 
glutinate. Rabbit erythrocytes ai*c not suitable because of the lower natural 
iiemolysiu content of human serum against them and a much greater tendency 


Rcceivea for publication. Jan. 24, 1945. . . ^ 

U <5 lia\e tried several Kolmcr antigens, sj^ie standard stock anbgens furnished Uie 
some of our own extraction. Tlie stocic antigen is of such strengUi th.at if 
uiipioied m the standard Kolmcr test it Is used In .5 c-c. quantities of a 1/500 dilution. It is 
nura^in '’u placing ,2 c c. of stock antigen into a clean, dry, Pyrex. four-oun<^, small-neck 
ursing bottle and adding drop by drop 15 cc of Isotonic saline with vigorous shaking. 
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to agglutinate. Washed 1 per cent guinea pig cells (three washings) suspended 
in 0.85 per cent saline kept at 8° C. are usable for a u-eek. We have cliecked this 
test against a standard Kolnier, a standard Kahn, and clinical historj" and 
diagnosis. A few false positive reactions are encountered, hut we have not 
missed a full 4 plus reaction, and this test compares favorably with other tests 
in weakly positive eases having a lower reagin content. There is at least not 
more conflict than we find between the Kolmer and Kahn tests as done routinely. 
Since there is so little proce.s.sing of the few reagents, teehnical errors are 
minimal. 


I 'I /H£TOL COU£R 

K ! ! > ! ) n rr rrr^ msuLdTiNG nmeRiAL 



Pis. 1. — A portable, efllclent water bath can be made with a fruit Jar and a perforated can to 
at in the top and witli some sort of cloth or paper insulation. 



EiS. 2 — The setup conveniently placed on a 32 by 46-inch aOd^tfonal 

to spar^’ The larger tubes in the te^t tube rack are for the purpose of collectinff aoa.non 
blood for follow-up serology or other tests. 
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Wc have completed 724 tests of blood obtained from patients in the skin, 
surgical, and medical wards ^\ith various diairnoscs, including many tropical 
diseases. The patients were almost all men between 18 and 45 years of age — 
white, Negrp, and Oriental. Each i>resmnptivc test was controlled by a standard 
Kahn and a quantitative Kolmcr test. lu this group were 124 cases in whicli 
there was a strongly i)ositivc reaction in all three tests. Tlicre have been four 
strongly positive presumptive tests which were negative hy the standard tests. 
One of these was in a patient with a skin lesion diagnosed pajiulo sypliilodum on 
admission and one was in a iiaticnt with a diagnosis of hookworm, who gave a 
history strongly suggestive of yaws. In the otlier two cases the patients showed 
no clinical evidence of syphilis and gave negative histories. Emulsions from 
l)Ti\pli glands of these patients injected into testes of rabbits produced no lesions 
(still under observation). Two early cases were positive by the presumptive 
test eight and ten days, respectively, before the standard tests were positive. 
Six cases were not as strongly po.silivc as the .standard tests. Eighteen patients 
sliowod doubtful reactions, which were negative hy the standard tests. 

Acknowledgment is inaxlo of technical assi.stanco of Kathan T. Ifodgcs, iMi.XI. J/f, 
U.S.K.It., wlio independently conducted the control Kolmcr and Kahn tests and in other 

a.'‘sislcd in the setup. 


THE USE OF PLASTICS TO REPLACE COVER GLASSES IN 
^UCROSCOPB SLIDE PREPARATIONS 


Euge-N’K De A.vcelis, JI.D. 
JIOnOAKTOWN, W. Va. 


T his paper deals with a method of applying plastics to microscope slide 
preparations, the main purpose being to eliminate the routine use of cover 
gla.sses. Pereons familiar with thc.se preparations realize the tedium of cleaning 
and placing cover glasses. This fastidious, slow, and therefore, relatively ex- 
pensive procedure has often been a source of annoyance to me, and has led 
to the present study as a means of eliminating it The object is to develop a 
multiple slide procedure which can be carried oii in a shorter time and at a 
decreased cost. 

M.VTERIAUS 


The materials selected were plastics wliich wore especially recommended for 
coating purposes. 

Tile desired properties were: (1) strong adhesion to glass and tissue, (2) 
maximum optical Iraiispareucy, (3) rcsistciiec to abrasion and to common 
solvents, (4) slow or negligible deterioration by light and chemicals, and (5) 
ease of application. 

Several types of plastics were tried in order to find suitable ones. The 
iiitrocellulose plastics offered some desirable properties, but these were offset 
by an observed poor resistance to ultraviolet radiation. Several all^d resins 
were found unsatisfactory. The two plasties which appeared most satisfactory 
in this preliminary work were Aciyloid B-72* and \ inylseal.t 


From the Department of Patholoffj'. West Viremia University Medical School. 
Received for publication, Feb 25, 1945 . t>., 

*Obtatncd from The Resinous Products & Chemical Co., Philadclph a. Pa. 
tObtaIncd from The BakclJte Corporation, New York. N. Y. 
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Aeryloicl B-72 is an aciylic resin obtained from the niannfactnrer in 40 per 
cent solution of toluol. Its chief disadvantage is a pronoiuiced solubilitj'^ in 
xylol and other common solvents, althougli its coating and optical properties 
were found to be excellent. This plastic was superior to the others used in this 
expez'iment, and its resistance to ultraviolet liglit is enormous. Solutions made 
thinner with toluol can be used for blood, bacterial, and exudate smears. 

Vinylseal is a vinyl acetate resin in methyl acetate (or other solvents). This 
is rather resistant to xylol, but it docs not have the coating cpialities of the 
Acryloid B-72, and its use requires much greater care. Purtlier work with vinyl 
resins should reveal definite possibilities. At the present time I do not use 
vinyl resins. 

It should be stated that an exhaustive study of a greater number of ifiastic 
substances should bring to light materials which have even more desirable prop- 
ei'ties than have those upon which this report is based. Bather than to make a 
detailed study of all of the available plastics, it was considered more desirable 
to submit this preliminary report in order to stimulate further investigation. 

METHOD 

The technique is applicable to one or any number of slides. A proper 
multiple slide holder, such as the Fishei'-Bnibach Iiolder, is used if several 
slides are to be prepared.'* After the ])rcparation has been stained and passed 
through the alcohols and xylol, it is dipped slowly into the ifiastic solution and 
allowed to remain for about thirty seconds. It is then slowly lifted out, sup- 
ported in a rack over the solution at an angle so that the excess plastic drains 
off. This procedure is usually repeated once, and when the plastic ceases to flow, 
the holder is hung on a rack to permit drying of the slides. The number of ap- 
plications of this plastic depends upon the thicluiess desired, and this in turn 
depends xzpon the thickness of the section. 

After complete drying, the slides may be examined undei’ the microscope 
with little risk of damage. However, if the slides are placed in an ordinaiy 
drying oven and baked at 140° C. for one hour, the plastic, on cooling, will be 
very hard and much more resistant to abrasion. This procedure must be fol- 
lowed if the slides are to be filed. 


APPLIC.VTION 

The chief purpose of this technique is its application to fixed tissue prepara- 
tions in order to eliminate cover glasses for I’outinc use. It may also be applied 
by using thinner solutions of plastic to various preparations such as blood, bac- 
tei'ial, and exudate films for the purpose of providing protection and making a 
Izetter-appearing slide, although obviously this is unnecessary. I have, how- 
ever, used it in making preparations of parasite ova, cysts, and the like, and find 
it extremel.y simple and superior to many other methods. In this case the con- 
centrated fecal matei-ial containing ova or cysts is smeared on the slide, al- 
lowed to dry, and dipped into the plastic solution. An alternate method con- 
sists of allowing the plastic to flow over the film and to dry. This method also 
probably can be used in replacing the cumbersome Canadian balsam technique 
in making Golgi preparations for nerve tissues. 

There are certain possible disadvantages, the elimination of which will re- 
quire additional work. In regard to Acryloid B-72 preparations, one may e 

7L special tray, slide holder, and rack are being devised for Oils technique. 
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of iiiiportanee. This plastic is fairly soluble in xylol and certain other solvents, 
and care should be taken to see that such solvents do not come into contact with 
tlic slide. However, if tliis should occur, a new surface can readily l)c api)lied. 
Iininci-sion oil lias no adverse cflVet; in (he event that it sliould dry oil tlic slide, 
it may readily be removed by addin*' more liipiid oil and wipiii". 

The advantages arc olivious. This proeecliire would completely eliminate 
cover glasses in routine preparatioiLs, decrease cost, increase speed of prepara- 
tion, and simplify multiple preparations, such as serial sections of embryos, 
brain preparations, and the like. Labels, if applied to plastic with a solvent, 
liccomc extremely adherent. If valued sli<lcs wore to fade in time, they could be 
restained and resurfaced witli case. In addition, application is almost uni- 
versal to all types of slide preparations. 

Slides kept so far for more tlian .six months look exactly as they did the day 
tliey were prepared, even though they have been given rough treatment. 

SUMMARY 

Tliis paper presents a new tcehiii(|ue; namely, tlio application of plastics 
to replace routine use of cover glasses in microscope slide preparations. 

The author wishes to expres.*? his jino*jrc .ind deep apijreciatioii for tho iuvaluablo aid 
rendered b)* Dr. Ilouuid Perry .Sinious, .VK'^ciate Piofes'or of Chemical Engineering, West 
Virginia University. He not only helped with Ins Knowledge of plastics, but also corrected 
the original manuscript. 

Tho Resinous products & Clicmical Company and the Balirlite Corporation kindly and 
generously donated somo of tlic plastic.', whl'di made this work possible. To these companies 
tho author is greatly indebted. 
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Aeryloid B-72 is an acrylic resin obtained from tlie niannfactnrer in 40 per 
cent solution of toluol. Its chief disadvantage is a pronounced solubility in 
xylol and other common solvents, although its coating and optical properties 
were found to be excellent. This plastic was superior to the others used in this 
experiment, and its resistance to ultraviolet light is enormous. Solutions made 
thinner with toluol can be used for blood, bacterial, and exudate smears. 

Vinylseal is a vinyl acetate resin in methyl acetate (or other solvents). This 
is rather resistant to x 3 dol, but it docs not have the coating ciualitics of the 
Aeryloid B-72, and its use requires mueli greater care. Further work with vinyl 
resins should reveal definite possibilities. At the present time I do not use 
vinjd resins. 

It should be stated (hat an exhaustive studj’’ of a greater number of plastic 
substances should bring to liglit materials which have even more desirable prop- 
erties tiian have those ui)on which this report is based. Bather than to make a 
detailed studj- of all of (he available plastie.s, it was considered more desirable 
to submit this preliminaiy report in order to stimulate further investigation. 


METHOD 

The technique is applicable to one or an.v number of slides. A proper 
multiple slide holder, such as the Fishcr-Brubach holder, is used if several 
slides are to be prepared.’^ After the preparation has been stained and passed 
through the alcohols and xjdol, it is dipped slowly into the plastic solution and 
allowed to remain for about thirtj’- seconds. It is then slowly lifted out, sup- 
ported in a rack over the solution at an angle so that the excess plastic drains 
off. This procedure is usuall.y repeated once, and when the plastic ceases to flow, 
the holder is hung on a rack to permit diying of the slides. The number of ap- 
plications of this plastic depends upon the thickness desired, and this in turn 
depends upon the thickness of the section. 

After complete diying, the slides maj'’ be examined under the microscope 
with little risk of damage. However, if the slides are plaeed in an ordinary 
drying oven and baked at 140° C. for one hour, the plastic, on cooling, will he 
very hard and much more resistant to abrasion. This procedure must be fol- 
lowed if the slides are to be filed. 


.\PPLICATION 

The chief purpose of this technique is its application to fixed tissue prepara- 
tions in order to eliminate cover glasses for routine use. It may also be applied 
by using thinner solutions of plastic to various preparations such as blood, bac- 
terial, and exudate films for the purpose of providing protection and making a 
lietter-appearing slide, although obviouslj^ this is unneccssaiy. I have, how- 
ever, used it in making preparations of parasite ova, cysts, and the like, and find 
it extremely simple and superior to manj’" other methods. In this case the con- 
centrated fecal material containing ova or cysts is smeared on the slide, al- 
lowed to dry, and dipped into the plastic solution. An alternate method con- 
sists of allowing the plastic to flow over the film and to diy. This method a o 
probabl}'' can be used in replacing the eumbei'sonie Canadian balsam technique 
in making Golgi preparations for nerve tissues. 

There are certain possible disadvantages, the elimination of which null I'a 
quire additional woi'k. In regard to Amyloid B-72 preparations, one may 

*A special tray, slide holder, and rack are beinj; devised for tiiis technique 
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(Icvolcd to tlie iiatunil liistoiy oC antigens, in which approximately equal atten- 
tion is paid to the chemistry, and to the genetic and i)liylogcnetic rcIationsliii)s, 
of animal and hacterial antigens. 

Otiior topics, sncli as i)liy.sico-clieniical and theoretical considerations of 
the iaumiue reactions and the origin of antiliodies, arc treated in a frankly 
synoi>lie and uncritical manner, jls is appropriate to the nature of the work, 
which is tiist of all Unit of a great exiierimenter. These topics are nevertheless 
faitlifully noted in the text and arc ineinded in the generally complete bihli- 
ograpliy. 

The attention of the physician may be called e.specially to the chapter 
entitled “Hypersensitivity to Substances of Simple Composition'' (pages 197- 
207), which includes a review of the experimental demonstration, principally 
hy Ijandsleincr and Jacobs, and Ijandsteiner and Chose, of the immunologic 
nicchani,sm resjionsihle tor at least one kind of contact dermatitis. 

The hook closes with a brief but charaeteristically lucid chapter by Linus 
Pauling on the structure of molecules and the nature of the known intermole- 
caliir forces. This is concluded hy a very clear iiiclure of the way in which 
large molecules m.ay he understood to combine both firmly and specifically as a 
result of the coordination of many weak interatomic bonds operating in the 
area of contact between comiilemcntary surfaces. 

A, D. Hershey. 

The Practice of Medicine. By Jonathan Campbetl Mcakins, M.D., LL.D., 
Brigadier, Deputy Director General of Jlcdieal Services, Royal Canadian 
Amy Medical Corps; Profes.sor of Jfcdicine and Director of the Depart- 
ment of Ifedicine, kfcGill University,- Physician-iu-Chief, Royal Victoria 
Hospital, Ifontreal; Formerly Professor of Therapeutics and Clinical 
^fcdieinc. University of Edinburgh ; Fellow of the Royal Society of Physi- 
cians, London; Fellow of the Royal College of Physicians, Edinburgh; 
Honorary Fellow of the Royal College of Surgeons, Edinburgh ; Fellow of 
the Royal College of Physicians, Canada; Fellow of the American College 
of Physicians; Ilonoraiy Fellow of the Royal Society of Medicine. Fourth 
edition. The C. V. kfosby Company, St. Louis, Mo., Price $10.00. Cloth 
with 1,444 pages and 517 illustrations including 48 in color. 

Mass Miniature Radiography of Civilians for the Detection of Pulmonary 
Tuberculosis. By Kathleen C. Clark, F.S.R., Principal, Radio- 

graphic Technical and Demonstration Department, Ilford Limited; P. 
l^'Arcij Kart, M.D., F.R.C.P., Member of the Scientific Staff, Medical 
Research Council; Peter Kerley, M.D., P.R.C P., F.F.R., D.M.R.B., physi- 
cian to X-Ray Department, Westminster Hospital and Royal Chest Hos- 
pital; and Brian G. Thompson, M.D., Tuberculosis Physician, Middlesex 
County Council. Privy Council, British Medical Research Council, Special 
Report Series No. 251. London: His Majesty’s Stationeiy Office, 1945. 
Rrice 3s. Od. net. Paper with 135 pages. 

1844 Year Book of Dermatology and Syphilology. Edited by Marion B. SnJs- 
^erger, M.D., Commander, M.C., U.S.N.K.; Assistant Clinical Professor of 
Dermatology and Syphilology, New York Post-Graduate Medical School 
of Columbia University; Member of the American Dermatological Associa- 
tion, Inc. ; Assistant Editor RwJolf L. Baev, M.D., Assistant Attending 
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Physician, ^Idn and Cancer Uii^, New York Post-Graduate Hospital, 
Columbia Univei’sity ; Diplomate, American Board of Dermatology and 
Syphilologj\ Year Book Publishers, Inc., Chicago, 111. Price $3.00. Clotli 
with 544 pages. • 

1944 Year Book of Industrial and Orthopedic Surgery. By Charles F. Painter, 
kl.D., Orthopedic Surgeon to the ilassaehusetts Women’s Hospital and 
Beth Israel Hospital, Boston. Year Book Publishers, Inc., Chicago, 111. 
Price $3.00. Cloth with 432 pages. 

Casualty Work for Advanced First-Aid Students. By A. 17. MacQuarrie,' 
IM.B., Ch.B. (Edin.), Admiralty Surgeon and Agent Civil Defence Medical 
Officer; Major and Battalion Medical Officer, Home Guard. E. and S. 
Livingstone, Ltd., 16-17 Teviot Place; imported by the Peter Eeilly Co., 
Philadelphia, Pa. Price $1.80. Cloth with 231 pages. 


ANNOUNCEMENT 

In compliance with the directives imposed by the War Production Board 
limiting the amount of paper consumed iu the production of this Jourk-vl, 
the publishers find it necessary to change the format. As soon as these re- 
strictions are lifted the original format will be restored. Even though the 
number of pages has been reduced, the actual content of the Jourx.\l has not 
been decreased to any appreciable extent. 



NUTUITIONAL SUKVEY IN NOIIUIS POINT, NEWFOUNDLAND 

J. !Metcoff, JI.D.,* Boston*, ^lA>is., Drack A. Ooldsmith, J[.D.,t New Okleans, 
La., a. J. IIcQuhen-ey, :\[.D.,* Boston*, :Mass., K. K. Dove. :\I.D.,'** Norris 
Point, Nfld., Emj:x :McDevitt. A.B ,§ Nfav York, N. Y., 
JIargarpit a. Dovk, B.Sc.,| Norris Point, Nfod., and 
F. J. Stari:, ;M.D.,* Boston, Mann. 


INTUODrCTION' 

UTIUTIONAL sUulie.s have that inalnuti-itioii is an extensive and 

IN important problem iii Newfoundland. Little’’ = described beril)eri in New- 
loundlnml, strc-ssinj? in particular its oeeurreiiee in association witli a diet re- 
stricted larj;ely to wliito tlour. Ajppleton,'’ ..V yUroj d.^' '■ Miteliell,'' Vaughn and 
Mitchell,’ and Steven and \Yald'* studied dietaries and deficieney diseases in 
Newfoundland and Lalirador. A Iiigli incidence of beril)eri, vitamin A de- 
ficiency, dental caries, siiongy ityperlropliied gums, and chronic malnutrition 
was noted. Olds'-* and jMcDevitt and co-worker’s, *** working in widely separated 
areas of Newfoundland, found low levels of ascorbic acid in the blood in a high 
percentage of pei'sons tested. The most extensive survey of nutrition in New- 
foundland Is the recent report by Adamson and associates." These workers ex- 
amined S68 people and did certain chemical analyses on the body fluids of nearly 
half of the subjects seen. T)eficieucics of vitamin A, riboflavin, and ascorbic acid 
were frequent. 

The pre.sent report describes a nutritional survey at Norris Point, during 
June, 1944, made w'ith a twofold purpose: fl) rapid n.sscssment of nutritional 
status !)y examination of a weighted pojiulalion samiilc; (2) o.stablisliment of a 
baseline from wJiieh tlie future nutrition of the same or similar samj^Ies can be 
judged. It was particularly desirable to establish tliis baseline, for in the near 
future enriched flour was to be introduced into Newfoundland. || 

Norris Point is a west coast fishing and logging village of appro.ximately 
100 families. It is typical of many such villages, the inhabitants of which make 
up a large part of the total population of Newfoundland. Many factors favor 
the existence of malnutrition : (1) geographic isolation; (2) primitive trans- 

portation; (3) minimal agricultui’al production on leaciiod marginal land by 
obsolete wasteful methods; (4) inadequate educational facilities; and (5) poor 
housing, food storage, and cooking facilities. 

The Seotch-Eiiglish stock at Norris Point, which comprised the sample, had 
ull lived under such influences for at least two years, many for generations. 
The incidence of blood relationship was liigh. Certain colloquialisms of speech, 
together -wntli reticence and shyness, particularl.v in tlio presence of strangers, 
made accurate histoiy-taking difficult. 


T}...... survey was nude possible by a st.int-in'ai(l fioii' the Williams- Waterman Fund, 

■neseaich Corporation. Now York. N. Y. 

Received for publication April 2, 1943. 

r-hn., .*P®Partment of Nutrition, Harvard School of Public Health, Department of Biological 
nemistry, Haivard Mcdicali School, and the Medical Clinic of the Peter Bent Biigham Hospital. 
fDepartment of Medicine, School of Medicine, Tulane Uni\er.^ity of Louisian.i. 
fifHo., **Fonne Bav Cottage Hosoit.il, Department of Health and Welfare; Senior Jledical 
neer, Bowater’s Newfoundland Pulp & Paper Mills. Ltd.. Comer Brook, Nfld. 

JBonne Bay Cottage Hospital, Department of Health and IVoIfaio. 

^SD^P^rtmer\t of Medicine, New Yoik Post-Graduate ilcdical Scliool and Hospital, Coluni- 

V , IjUy order of tlic Newfoundl.ind Goveinnicnt and on i ecomniendalion of tlie Council on 
in., “o*' of the Nevsfoundland Mcdic-al Association, all flour cnteiing the country after July 1, 
’'11. is to be enriched to new American standaids. 
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MATERIAL AND JIETHODS 

The population, sample was selected from groups known to be particularly 
susceptible in regard to clinical deficiency disease, notably pregnant and laetat- 
ing women and rapidly growing children. Such groups may be considered as a 
sample so weighted as to uncover nutritional deficiency if any exists. This 
sample is not representative of the general nutrition of the community but 
rather is likely to approximate the poorest nutrition. It was felt that if these 
groups showed no evidence of malnutrition, no great amount of malnutrition 
would be present in the population at large. 

The following criteria were established. The family was made the unit of 
study, and only those families in which there had been a pregnancy' within the 
previous two years were included. In addition to tlie women of such families, 
their children between the ages of 3 and 6 and 10 and 14 years wei’e studied, 
while other children were excluded. Husbands in such families were examined 
when available but often were absent in fishing or lumbering industries. The 
total group was homogeneous witli regard to socioeconomic status. Of the 40 
families in Norris Point which fulfilled these criteria, all-hut one agreed to take 
part in the survey. The sample of thirty-nine families had the following com- 
position: woznen, 39,- children 3-6 years of age, 34 (21 hoys, 13 girls) ; children 
10-14 years of age, 24 (10 boys, 14 girls); men, 6. Of the women examined, 6 
were pregnant and 14 lactating. Ten additional men seen in the clinic were in- 
cluded in the survey. 

The 113 individuals were examined by a survey team of 6 members in a 
period of ten days. The local physician administered the project and acted 
as liaison officer in the selection of the sample. Three physicians obtained, 
medical histories and conducted the physical examinations. All positive physical 
findings were observed by all three physicians and recorded only if there was 
a majority agreement. Two research associates obtained nutritional Instox-ies 
and were responsible for photography and assistance in laboratory work. 

The complete examination consisted of five parts: (1) A nutritional history 
was taken, consisting of a recoi'd of all nourishment ingested in tlie previous 
twenty-four hours. A complete list of all available foods ivas used to remind 
the individuals of foods they may have eaten and to uncover anj'^ peculiarities in 
the diet on the day of the test. At the same time the frequency of intalie of 
protective foods per day and week was recorded. (2) A detailed medieal histoiy 
was taken, and this ivas later supplemented by the local hospital records. (3) 
A thorough and extensive physical examination was made -with special attention 
given to eyes, mouth, skin, and neurological findings. Height and weight were 
recorded on all individuals, and in the case of children the intercristal diameter 
was measured. (4) Photographs consisted of two types : (a) color films of all 

lesions ; (b) nude full-length black and white photographs 'taken of most children 
at a fixed distance, against a standard measuring scale. (5) Laboratory tests 
undertaken included the usual routine urinalysis for qualitative detection of 
sugar, albumin, and cellular material, and the determination of hemoglobin 
and total plasma protein from a 2 to 3 ml. sample of venous- blood. The 
gravimetric copper sulfate method of Phillips and associates'^ was used. e 
recording was so planned that all necessary data could conveniently be checke 
off or indicated on 5 by 8 filing cards. Diagrams of body surface, face, an 
tongue were included on these cards and proved to be particularly useful in in- 
dkating the exact location and extent of lesions and in recalling the various 
ca-sizs later when the data were assembled. 
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FINDINGS 

iVi((nh‘oJiflJ Ilistuyy. — Ti\c lUcls oC all of the I'amilies oxamincti siiowed re- 
niai'kablo siniilarily. Cliildren, as sooii as tJioy .arc weaned, receive the same 
food as adults. A typical daily menu is {^ivcii in Table I. TJie main protein 
foods arc fish {lari,mly salt cod and licrrhig in the winter), salt ])orh, beef (with 
much fat), dried beaiLS, and peas. Occasionally some fresh moat is consumed 
when wild game can be obtained or wlien a sheep, cow, or pig is slaiigliterod. 
Lack of storage facilities makes the supply of fresh meat largely dependent on the 
weather. The supply of fresh fish (cod, salmon, lobster, herring, tuna, trout, 
caplin) is dependent on the run in a particular year. Margarine, fortified 
with 6,000 I.U. of vitamin A per pound, is used as ]>raetienlly no butter is avail- 
able. Fresh vegetables are not available from Octo))er to July, and during this 
period root vegetables, including potatoes, turnips, carrots, parsnips, and beets, 
arc used in addition to cabbage, which maj' be citlicr fresh or salted. Potatoes 
are eaten about twice daily unless the fmnily supply is exhausted before the 
winter ends. A few families eat green leafy vegetables in the summer moiitlis. 


T.vau: I. Tyi-ical Daily Me.vi’ 


BnaK-fa^t 

Diniu-r 

Suiipcr 

romilgo witli milk (30 to 40 

Fi.di (j.hU or Ire-b), fried or 

Same as noon meal — leftovcrg 

iiil.J ami Migar or inohisses 

boiled 

relieated 

or 

Potaloes 

Bicad, biscuits, or cako 

Bnkcd beans . 

or 

Tea 

Broad witli margarine, jam, or 
molafscs 

flash (salt meat and potato) 

Occasional Foods 


or 

Eggs, two or three times 
weekly 

Tea 


Iktween 

Thick soup (slew) 

Dried peas, cooked tomatoes 

(Tiuo or Three Times Daily) 

or 

with macaroni, once weekly 

Bread, bacuits, jam, cake, or 

Boiled diiiiier (polatocs and 

Eiaporated milk (1 to 2 tsp.) 

cookies 1 

turnips; occaMOiially cab- 
bage and carrots; salt or 

in tea 


fre.-h meat if uvatlablo) 

Bread witli margsiriuc, jam, 
or molasses 

iTea 

1 


The preparation of vegetables makes it doubtful whether much of the vitamin 
intent is retained. Both meat and vegetables are cooked for long periods of 
bRie. The supply of fruits is limited to a few oranges during the spring and 
summer months, apples and dried fruits, wdiich are used sparingly except in 
jani or deserts, and Avild ben-ies, also used in jam. In most instances the bread 
IS homemade from unenriclicd Avliite flour. Breakfast cereals are usually cream 
of wheat or roUed-oat porridge cooked overnight and served with sugar or 
Diolasses. The consumption of milk, even among cliildren, is .low. Of the 54 
children studied, 4 drank no milk, 21 used milk only Avith tea or cereal, 21 used 
from one-half to one cup a day, and only 8 drank over one cup of milk daily.* 
A small number of persons had food prejudices, tomatoes, dark bread, and milk 
«eing the most frequent. 

An attempt Avas made to calculate the daily intake of various nutrients from 
histories, using the tables of the Committee on Pood Consumption 

freo winter months all schools that apply are supplied with powdered milk 

wy the government for the children In the school. 
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TAHIA: 11. NUTlilENT iN'TAKK EsTl.MATKI> i'liOlI HlKTAUV IIlSTOHY 


j 

KAM- : 

ILY 

CASE: 

CAL- 

OIUES 

PKO- 
TEIX ; 
(OM.) 1 

CAL- 

(TUM 
(gm.) j 

IKO.V , 
(AIO.) 1 

VITA- 
MIN A 
(I.U.) 

ASCOll- 

me 1 

ACII> j 
(MG.) 

thia- 
mine : 

(MG.) 1 

KIBO- 

FLAVIN 

(MO.) 

XI- 

ACIX 

(MG.) 

Adult women 

27 

(52 

2000 

(5!) 

0.4 

11 

1.300 

41 

0.8 

0.9 

11 


mm 

73 

2200 


0.(5 

10 

1,(500 

35. 

0.9 

1.1 

8 

Children 10-11 

2S 

(5(5 

1(500 


0.3 

(5 

(500 

IS 

0.5 


7 

years of age 

20 

50 

1800 

mm 

0.4 

11 

2,000 

41 

1.1 


10 


dO” 

74 

1400 

42 

0.(5 

(5 

1,200 

2(5 

O.li 

1.1 

5 


12t 

25 

1300 

42 

0.3 

4 


() 

0.4 

0.7 

4 


*No cod-liver oil. 
iCod-liver oil (?). 


Table III. Symptoms SrooESTivE of NltkitionlUj Beficiexcy 


SYMPTOMS 

WOMEX 

CM)) 

XUMBEU of {L\.SES * 
t'HiLUUEX (24) 
10-14 Ya. 

MEX 

(10) 

Eyes 

Burning or itching 

20 


0 

Photophobia 

17 

4 

3 

Bacrimation 

14 

4 

7 

Visual fatigue with blurring 

7 . 

1 

1 

Redne.ss 

(5 

0 

4 

Discharge ’ 

3 

0 

2 

Night blindness 

5 

0 


Snow blindnes.s 

o 

2 

9 

Lips, tongue, gums 

llurning painful tongue 

14 

1 

0 

Cracked painful lips 

8 

7 * 

(5 

Sores at angles of inoutli 

3 

0 

0 

Bleeding gums 

20 

6 

3 

Cardiovascular and respiratorv 

E.vertional dvspnea 

14 

0 

3 

Palpitation 

12 

0 

3 

Preeordial pain 

3 

0 

0 

Edema 

1 

0 

0 

Frequent upper respiratory infec- 

5 

0 

3 

tioiis 

Gastrointe.stinal 

Hemorrhoids with bleeding 

10 

1 

2 

Constipation 

s 

o 

i 

Anorexia 

(5 

0 

ti 

Indigestion 

13 

1 

7 

Chronic diarrhea 

1 

1 

1 

Weight loss 

4> 

0 

1 

Neuromuscular skeletal 

Numbness and tingling 

11 

1 

7 

Svneope or dizziness 

10 

1 

3 

liuscle weahne.ss 

(5 

0 

2 

Burning feet 

2 

0 

o 

•) 

Leg cramps 

13 

1 

4 

Painful joints 

5 

0 

1 

Skin 

Easy bruising 

lu 

0 

3 

Burning 


0 

0 

General 

Nervousness and irritability 

14 

1 

3 

Easy fatigability 

10 

0 


General weakness 

3 

0 

1 

Anxiety 

4 

0 

0 

Insomnia • , « « 

Depression 


u 

u 
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of the iSatioual JJe.soarch Council, This was possihle in only a small number and 
even in these tlie fij^uircs represent i-ou^h approximations I*'indin;j:s leprcseiita- 
tuo of the dietary data are given in Tiihle II, 'Du* figures given for the 
ascor)>ie acid content of the diet are probfiljly too liigli lieeausc of losses 

in preparation of food. Sinee the dietai'v ealetdalions were subject to .such 
gi-ciss error, tliey were not used in the appraisal of nutritional .status. 

Symptoms. — The pertinent .symptoms are listed in Table III for all groups 
except children Ijetween the ages of .‘I and 6 year.s, in u liieli group symptoms could 
not be evaluated, liuruiug and painful e\cs. visual fatigue. ]diotophobia, and 
lacriniation were fi'oijuent eomjilainl.s. All peiNons were familiar Avith tlie 
tcinis niglit blindne.s.s and snow blindness, and of the 79 adults and older children 
(piestioncd, 8 gave a liistoiy of night blindne.ss and 13 of snow blindness. Sore- 
ness of the tongue liad been noted b^* 17 peiNons and eraekt'd y)ainfnl lips by 21, 
Bleeding gums had been piv.sent in 2!1 individuals, more than one-third of the 
group. There was a high incidence of exertional dyspnea ami palpitation as 
^'cll as complaints of numljne.ss and tingling of the extremities, .syncope, and 
iiizzines.s. Cramps in the legs, nervousness aiul irri(alnlit\', and easy fatigability 
wej‘e common complaints of tlie women. “Imligestion" or dyspepsia and con- 
stipation wore frequent ga.strointe.stina] sympioms. and it is of interc.st that 
Steven and Wald® commented on a coiulilioii knoun as '‘Newfoundland 
stomach,*’ whicii was characterized by these symptoms in association witli man.v 
vague geneiid complaints. 7’hey .suggested that the eondition miglit be related 
to thiamine defieieney. 

As would ho expected, tin* various .symptoms were more ])revaIont in the 
adults. 

Physical Findings. — The findings on jiliysieal (*xammation arc given in 
Tables IVA and IVB. V: irioiis eye sijriis prcn-iilciit, i)iU'ti(MiIarij- 

conjunctivHl tliickeniiiff iincl injeelion .incl Ritiil 's spols The ilesiKiiation 
iiiiirked tliickonins” iiieliiJes inslanees of iXei-yjriiini iind piUKUcciila. Tlie 
teim “conjunctival injeclion’’ iiiehidcs an iiicroa.se in the liiood i-essols along the 
Cftnator as well as gross liijoetioii of the eyehall. ,Vii invasion of tlie coiaiea by 
blood vessels from the circiniiliinlial plexus, visible ndtii a liand lens, was desig- 


nated as a '‘paiinus.’’ . Bitot’s spots were <Iia“Ho.sed in 50 per cent of Hie adults 
on tile basis of well-defined wliite or yellowish iicariy elevated spots located on 
the scleral coiyiiinetiva, usually near the corneal limbus. Tiie inridence of all 
of the eye signs inereased witii the age of tlie individiial.s examined, and iiijee- 
Hon of the conjunctiva was miicli liigher in adult men than in adult womuii. 

One of tile most frequent signs observed was some eliange in tiie papillae of 
the tongue; this was present in over 75 per cent of Hie 113 jicrsons examined. 
Slight eliaiiges included either niiniinal enlargement and redne.ss of tiic fungi- 
form papillae or slight atropliy of the papillae at the tip or sides of the tongue. 
Moderate to marked elianges occurred in more than 20 per cent of the men 
ond children and in more than 50 per cent of the women A magenta-colored 
l^ongiie Was observed in 12 per cent of the men, 21 per cent of tlie eliildren, and 
ol per cent of tlie women. xVnguIar .stomatitis wa.s found in 12 per cent of tlie 
*0011, '19 per cent of the children, and 28 per cent of Hie women. 

Lesions of tlie teeth and giiiiis were very common. Dental caries was found 
11 over SO per cent of persons, being high even in children 3 to 6 years of age; 
lowever, caries and nii.s.sing teeth cannot be evaluated b,y American standards 
IS there is no preventive denfi.sfry in Norri.s I’oint, and when .symptom.s are 
i>were or caries i.s extensive, extraction of teeth is the rule. The incidence of 
periodontal disease was iiigii .md increased witli age. Gums which bled on i 
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Table IVA. Physical Signs Suggestive op Nutritional Deficiency 


SIGNS 

■WOMEN 

(H9) 

NUMBER OF OASES 
CHILDREN (58) 

MEN 
(16) ■ 

:5-() YIL 
(PA) 

10-14 YR. 
(24) 

Eyes 

Conjunctiva thick — pigmented 

Slight 

2 

5 

5 

1 

Moderate 

17 


■ 3 

9 

Marked 

10 

1 

O 

G 

Bitot ’.s spots 

' 19 

1 

4 

8 

Conjunctival injection 

21 

G 

3 

14 

Circumcorneal injection 

9 

5 

5 

9 

Pannus 

■i 

0 

1 

3 

Xerosis 

0 

0 

1 

0 


Tongue 

Papillae, atrophy and/or hyper- 


trophy 


Slight 

10 

15 

12 

7 

Moderate 

S 

S 

•J 

a 

Marked 

15 

o 

•J 

2 

1 

^lagenta color 

20 

7 

5 

2 

Red tip and/or sides 

5 

7 

3 

5 

Fissures 

17 

0 

2 


Erosions or ulcers 

;! 

1 

0 

0 

iSerrations and swelling 

1 

0 

0 

o' 

Lips and mouth 

Angular stomatitis 

11 

G 

5 

o 

Cheilosis 

2 

J 

1 

1 

_ Pallor of mucous membrane 

6 

4 

0 

0 

Ulcers of mouth 

2 

1 

0 

0 


Teeth and gums 


Caries 


Slight 



7 

9 

15 

4 

Moderate 



10 

G 

1 

4 

Marked 



17 

11 

G 

5 

Edentulous 



5 

0 

0 

0 

Periodontal disease 







Slight 



3 

0 

8 

»> 

o 

Jloderate 



15 

0 

0 

8 

Marked 



10 

1 

1 

3 

Bleeding gum.s 

* 

• 

S 

1 

3 

4 


ing' were present in 21 per cent of tlic women, 25 per cent of the men, and 7 per 
cent of the children. 

On examination of the skin, there were numerous abnormal findings. 
Changes in the sebaceous glands of the face of the type often seen in aribo- 
flavinosis were common. Follicular hyperkeratosis was found in 36 per cent 
of the women, 48 per cent of the children, and 50 per cent of the men. This 
term includes mild “permanent goose flesh’’ involving merely the arms or 
thighs, as well as more severe and extensive lesions. Petechiae, purpuric spots, 
and general pallor were rarely observed. 

Objective neurological findings included calf muscle tenderness and reflex 
and sensory disturbances in the feet and legs, although these findings were not 
so frequent. It is interesting to note the frequency with which systolic heart 
munnurs were encountered. Systolic heart murmurs have often been described 
in beriberi. The skeletal abnormalities which were suggestive of rickets are given 
at the end of Table IVB. The height of each person was recorded and the 
weight was taken without shoes but with the person wearing either undercloth- 
ing or a bathrobe. The adults were, in general, of short stature and thin. On y 
one woman of the group was definitely obese. The children appeared to be un ei- 
size both in height and weight, and comparison with standards of healthy w iite 
American children^^- indicated a trend in this direction. In Fig. 1 are 
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TAnLE IVB. Physical Sign’s Suggestive oe Nutuitionai. Dcfutency 


SIGNS 

WOMEN 

NUMBER OF CASES 
CHILDREN (58) 

MEN 

(IG) 

3-tj YR. 
r.-jf) 

10 14 YR. 
(24) 

Skin — facial 





Scborrlioa, jiusolahiiil 

7 

7 

5 

1 

Seborrlica, face, cars 

5 

4 

2 

0 

Erythema , • 

5 

2 

1 

0 

Skin — general 





Fonicular keratojsis 

11 

1(5 

12 

s 

Dr^-ness and tcaliug 

(i 

1 

4 

0 

Acneiform eruption 

4 

0 

1 

0 

Tliick and pigmented oxer elbows 

12 

3 

7 

2 

and knooa 





Purpura and pcfcchiao 

4 

0 

0 

0 

BIui‘*li-rod, cold extromilies 

J 

3 

4 

s 

Neuromuscular 





Calf tenderness 

,) 

0 

0 

3 

Absent knee jerk or ankle joik 

;; 

1 

II 

1 

Plantar dvscstlicsia 

;} 

0 

0 

3 

Motor weakness Hegs) 

1 

0 

0 

0 

Absent or docieased vibratoiv 

1' 

‘ 0 

0 

3 

sensation 





Cardiox’ascular 





Systolic murmur 

2.1 

s 

J 

3 

Pitting edema 

0 

0 

(1 

. 0 

Skeletal 





Frontal or parietal bosses 


20 

0 


Protuberant abdomen 


7 

0 


narnsou’s groove 


n 

3 


Knock-knees 


() 

0 


^ "Wrist joints enlarged 


2 

0 


• Enlarged costocliori(lral juiirtions 


2 

6 


"IViiigcd scapula 


1 

3 


Flaring ribs 


1 

1 


Si’ollosis 


0 

3 



sivcn the findings for hoys. It can he seen timt llie weiglit of tJic Newfoundland 
l>oys aged 3 (o 6 years tvas witliin llie normal range of the American group hut 
that S of 19 children were of shorter stature than SO per cent of healthy Amer- 
>ean hoys. In the group 10-11 years of age, 3 of 10 hoys were undenveight and 
7 weio iinilorheight according to these American standards. Somewhat similar 
findings were recorded among the girls, as indicated in Fig. 2. It should be 
noted that none of the children were above the ranges in height or weight. The 
intercristal diameter was measui’cd in the children aged 3-6 years and was 
found to ho within the range of normal American children as given by Vickers 
o»d Stuart.” 

In an appraisal of general attitude and mental and emotional reactions, it 
Was observed that both women and children were e-xtremely shy and often 
apathetic. The children, c.spccially, lacked spontaneity and were inactive and 
fiuiet. There was no enthusiasm or exuberance of spirit and little inquisitiveness 
"'as manifest during the e-xamination procedure. Children appeared older than 
their years as far as facial expression was concerned. Very little humor was 
exhibited, and in adults a lack of initiative with an attitude of acceptance of 
difficulties was the rule. Apathy in the children and the paucity of ambition 
“nd “pep” were noted by Mitchell” in her studies in Newfoundland. However, 
the lack of organized play may be a contributing factor to these conditions. 

LiiTioralonj Findings . — Hemoglobin determinations were made in 37 women 
end 42 children. In Table V arc given the findings as well as the criteria used 
judging tlie degree of anemia. The incidence of anemia, as might be 
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Ta»i.k V. J.vriiiK.vci-: ok ^VxKifiA as iMuoAifii iiy H^:^foo^,ol{I^' Dktkkmisation's 



1 WO.MK.S' (.*17) 1 

I iiiMinK.v .: « YK. 

(-’I) 

c iin.imr.v 

10-14 YC 

. (:;i1 

omiiiK 
((?.Af. %) 

X(l. (»K 
<’ASI.S 

rti: 1 

1 

I’A.SES 1 

IIBMO- . ^ , 

GIAJUI.V * 
((IM.%) 

j'cn 1 

CENT 
CA.SES 1 

nciio- 

<ju>eiN 

.NO. OK 

CA.SES 

I'ER . 
CE.VT 
t'A.SE.S 

SeviTu ancnii.'i 

< 10.0 

1 

2.7 ' 

< «..■» 0 

0.0 

< JO.O 

0 

0.0 

Modi’rato .'iiioini.-i 

J0.0-n,5 

n 

14 

0.610.D 1 

5.0 ! 

JO.MJ.O 


.0.5 

aneiiii;i 


10 

27.0 

7 

•<5.0 1 

li 1-12.0 

2 

9.0 

Xo anemia 

! > 1*^.5 

lo 

•J0.5 

>> n.j IS 

eo.o 1 

> 12.(1 

17 

81.0 


aiitiuij)ateil, is liigiicst in tlic women, 60 per rent of the sample, while 40 per cent 
o£ the yownj^er anil 10 i)er ceiit of Ibe older frronp of eiiildren had sulmormal 
levels of hemoglobin. 

Plasma ]>rotein determinations were earned out in 38 of the women and 43 
of the eUildrcn. The results are given in Table \’I. A |»rotem level of less than 
6.0 Gill, jicr cent was considered suggestive of liypoproteinemia, and this was 
found in G children and 3 women. 


TAUI.B vr. Pl.V.SMA Pl.omx \ VIA B.S 


cr.ouj’ 

.. 

(ilUVMS 

rut cor i'!.a.‘%ma 

I’COTELV 


V 

.5.5. 5.‘) 

0.0 <>.4 

/> 5 (» 0 

7,(»-7.4 

7.5-f 

AAmncn (1581 

0 

-) 

7 

IS 

i> 

1 

Clultlren a-U vr. (21A 

1 


0 


1 

0 

ClnUren 10-lj yr.' (Sii) 

0 

0 

4 

1.'! 

5 

0 


UlM.'L'.'vSION* 

An attempt was made to determine the frec/neney wit)i wliich nutritional 
deficiency occurred in tlio sample by evaluating .symiitom.s, objective physical 
higns, and laboratoo’ data. All of the symptonrs and signs li.slcd in Tables III, 
IVA, and IVB and some of llie laboratory data in Tables V and YI are sugges- 
tive of various typas of inadcipiate nutrition, althougli none alone is pathog- 
nomonic for a nutritional deficiency. They must be interpreted togetiier and 
evaluated in terms of the individiiai a.s a whole. As a convenient and conserva- 
live way of applying the data obtained in tlie diagnosis of deficiency disease, 
a purely arbitrary classification was set up and eadi individual was diagnosed 
as having apparent, .sugge.stive, questionable, or no deficiency in regard to each 
of the vitamins, as wtII a.s to iron and protein. Apparent deficiency wa.s 
diagnosed if the pej'son .showed tbi'ee signs or two signs and one or more symp- 
toms which are considered to be characteristic of deficiency of a given dietary 
substance. Suggestive deficiency was indicated wdien the person showed two 
signs, or one sign and one or more symptoms. A pervson was designated as 
having questionable deficiency if only one sign was present or if signs were less 
definite. Symptoms alone were not used as the basis for the diagnosis of a 
deficiency. Individual judgment plays a considerable role in any such classifica- 
d^n, and some of the criteria used in the evaluation may be shown to be in- 
correct, Nevert]ieles.s, such an evalnatidn gives an estimate of the incidence of 
deficiency disease in tlic community studied. 

The results are given in Table VII, and it is observed that 41 per cent of 
the total sample Avere judged to have an apparent deficiency; 3/ xicr cent, sug- 
yeslivQ deficieiAcy ; 13 per cent, questionable deficiency ; and oidj’ 9 per cent, 
no deficiency. . The incidence of apparelit deficiency Avas higJiest in tlie AV'omen, 
ne.xt higheat in the men, and loAvest in the ciiildren of tlie 3-6-year group. 
The incidence of apparent and suggestive deficiency of individual factors 
given in Table VIII. Deficiency of vitamin A, riboflavin, and iron Avere 
conditions most frequently encountered. Women showed the highest in- 
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cidenee ol‘ (Iefic*ieiic*y of i*jI)olIavin aiul ii’on, while men showed a greater inci- 
dence of vitamin .V defieieney. There were no instance's of typical pellagra, 
and niae'ni delieiemy was considered to be infre<jiu*nt We felt tliat in many 
instances an inade({Uale supply of uiaeiii aeeompaiued rihotlavin deficiency, al- 
though signs suggestive of tlie latter dominated the riinical picture. 

Tliiamine defieieney as indiealed by objective findings wa.s infre{{Uent, but 
.sTinploms suggestive of tliis defieieney were coininon : lion ever, using tiic criferia 
Avhitravily set ujn a diagnosis of ai)i>arenl or sum:csli\e iluamine defieicuey could 
rarely be made. In addition, few men were included in the sample, and it was 
pointed out by Aykroyd' tliat SO per cent of the heiaberi he oliserved in New- 
foundland oeeuiTed in men. Tiie low incidence of ascorhic acid deficiency is 
nndoui>tcdly due to tlie rigid criteria used in tins sun-cy If tlie ]u*esencc of 
gum changes alone was considered to lie delinite evidence of vitamin C deficiency, 
tile incidence would be extremely high. If |)lasina or whole blood ascorbic acid 
values could liave been determine<I. they jirobalily would have been low. This 
u’oukl have given another objective sign and the incidence of ascorbic acid 
deficiency as judged by tlie arliitrary criteria set ni> would have increased con- 
siderably. Twelve cdiildren of the oS examined !uul signs of old rickets, Hypo- 
proteinemia was rarely observed except in the young children, and here it may 
be (pie.stioned as to wlielhor a pla.sma protein value of less fhan C.O flm. per cent 
Is indicative of h.vpoiiroteinemia. 

^lany iiersons liad a deficiency of move than one essential food factor. The 
distrilmtion of multiple deficieucies is given in Table IX 

The knowledge that nutritional rcnuirenients are elevated during preg- 
nancy and tlie increasing realization of the importance of good nutrition during 
this period make it of interest to evaluate these data with reference to the 
clmical incidence of nutritional defieieno.v in relation to j^vegnancy and to the 
age of the motlier. In the sample of 39 mothers, 36 (92 per cent) had cither an 
apparent or sugge.stive deficiene.v of any of (he several types observed. The 
incidence of deficiency associated witli jiregnancy is higJi and remarkably con- 
stant irrcsjieetive of tlic number of pregnancies as .siiowu in Table X. 

The most prominent deficiencies in the adult women were vitamin A, 
ribofiavin, and iron. ^Faiiy mothers had combinations of these deficiencies. 
The total ineidence of tlic.se deficiencies correlated with tiie uumher of preg- 
nancies and with age of the mothers is given in Table XI. Tliere appeal's to be 
m\ increasing ineidence of vitamin A deficiency with additional pregnancies and 
in the age group over 36. Defieieney of ribofiavin and iron was higher in the 
group with four to .six pregnancies than in the group with fewer pregnancies. 
Befieioneies of tlie.se two nutrients were higher in the group 26 to 30 years of age. 

T.VQI.E xr. SiTf'IKK’ XrTniTIOX.\I. DEFICIENTIE.S COMCMIEW WiTIl XUMBEK OP 

Pkegn'a.n'cies and Age 


Number of jiregnancies 

-J-fi 

7-12 

ffroup (yr.) 

18-25 

2e-30 

_ Over Si’i 

Toaii 


M’MBER OP 
WOMEN 


VJT.iMIN A 
PFPU’IE.VCY* 


KIliUKLAVIX 

OEFiriEN’CV* 


13 

10 

10 

i (31%) 

11 (09%) 

9 (90%) 

5 (38%) 
13 fSl%) 
4 (40%) 

10 

4 (40%) 

4 <40%) 

10 

0 (60%) 

9 (90%) 

9 

a (56%) 

5 (56%) 

10 

9 (90%) 

4 (40%) 

m 

24 (62%) 

2:-' 1011%) 


UlOX 

DEPlCinXCY* 

7 (CS%) 
D Wa) 
(44%) 

0 (-. 0 %) 
7 (70%) 
0 {Wo) 
‘O (Wo) 
2-’ (5a%) 


'Deflciency — both apparent and suggesti'e defloency are grouped in this category. 
tHemoglobfn determined in 37 patients. 
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If one correlates the total number of all the individual deficiencies in the group 
of women witii the number of pregnancies and age, a relationship similar to that 
of riboflavin and iron is obtained; that is, there was a greater incidence of all 
deficiencies in the group with four to six pregnancies and in the group 26 to 30 
years of age. In connection with these correlations, it should be noted that the 
number of pregnancies increased with the age of the mother. It follows that the 
influence of pregnancy alone in increasing the incidence of deficiency disease 
cannot be ascertained from these data. 

An interesting finding was noted when the family groups were studied 
as a unit for incidence of nutritional deficiency. In a majoiuty of instances the 
same type of deficiency disease was noted in the children as was shown by the 
mother. In some families almost identical lesions were seen in each of the mem- 
bers. This was particularly true of changes in the tongue. The incidence of 
deficiency was highest in the children of mothers who had had five or six preg- 
nancies (79 per cent) and next highest in the children of mothers who had had 
three or four pregnancies (57 per cent). 

From the records of the local ho.spital it was possible to obtain information 
regarding the administration of vitamin preparations, liver, and iron to persons 
included in this survey. Fourteen persons had received iron; 14, .some source 
of the vitamin B complex; 12, cod-liver oil; and 2, thiamine. Of this group of 
42 pei'sons who had received therapy, 21 had no evidence of the nutritional 
deficiency for which the suj)plements had been prescribed. A number of persons 
who had received no medication were also without evidence of deficiency di.sea.se; 
for example, 10 women had no anemia and 11 no evidence of riboflavin deficiency. 
It is jirobable that the persons treated were those with severe deficiency states 
and that as a result of therai)y, the incidence and severity of nutritional de- 
ficiency were .somewJiat decreased. 

A few other observations made during the survey nmy be mentioned. Tliere 
was practically no hypertension. One man had a blood pressure of 160/90, while 
2 women had blood pre.ssures of 140/105 and 140/100, respectively. The in- 
cidence of tuberculosis is high in Norris Point, but only one of the persons 
e.x.unined liad evidence of tuberetdosis and the lesion was minimal. The death 
rate fiMiu tuberculous meningitis is relatively high in children. Of the women 
examined, 2 had diffuse and one nodular nontoxic goiter, 2 showed signs o 
mild hyperthyroidism, and 1 of severe hy])othyroidism. Three women Iw 
snnptoms suggesting chronic cholecystitis, and 1 man had a peptic ulcer. Thiee 
women gave a history of some tyjto of to.xemia of pregnancy. There were 3 in- 
stances of definite and 3 of probable heart disease among the women, 2 of war 
disease in the children, and 1 in the group of men. Rheumatic fever is w 
usual etiologie factor in heart disease in the community of Norris Pomt. 

SUMII.VKY 

A survey of the nutritional .status of a .selected sample of recently 
women, their preschool and preadolescent children, and their 
a few additional men living in the community of Norris Point, Neulouu 
is reported. The sample was selected to represent the poorest nutiition m 
community and consisted of 39 women, 34 children in the age group - ' 

children 10-14 years of age, and 16 men. This group comprised aiou 
cent of the entire population of the village. , 

On the basis of medical histories, physical examination, heiuo^^o 
plasma protein determinations, the incidence of nutritional de ggjit; 

the w'omen was as follows: apparent, 61 per cent; suggestne. 
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questionable or none, S per cent. Children were similarly evaluated and showed 
the following: jireschool children— apparent deficiency, 23 per cent; suggestive, 

47 per cent; and (piestionable or none, 30 per cent; preadoleseent ehildren^ 

apparent deficiency, 29 per cent; suggestive, 29 per cent; and questionable or 
none, 42 per cent. Of the men, 44 per cent had apiuirent, 44 per cent suggestive, 
and 1- per cent questionable or no deficieiiey. Multiple deficienccs were the 
rule, and tliose most frequently encountered were vitamin A, riboflavin, and iron 
in the women and children; vitamin A and ribofiann in tlie men. Dietary 
histories were taken but were not used in estimating tlie incidence of deficiency 
disease because of tlie inaccuracies inherent in tliis i>roccdure. 

A hemoglobin of less than 11.5 Gin. per cent was found in 32 per cent of 
the women and in 7 jier cent of the children. A iilasma protein value of less 
tliau 6.0 Gm. per cent was found in 8 per cent of the women and 14 per cent of 
the children, ^larked denial caries was recorded in 44 per cent of the women, 29 
per cent of the children, and 31 jier cent of the men. Severe periodontal disease 
vas noted in 26 per cent of the women, 3 per cent of tlie ciiildren, and 19 per 
cent of the men. Twenty jier cent of flic children liud evidence of old rickets. 

Tile findings indicate a need for remedial measures. An isolated community 
such as Norris Point is an ideal labomtory for investigation of the value of 
variou-s therapeutic procedures. 


Tile authors wiyh to e.Nprossi jippuvisition for the coopcrfitioii of tlie Department of 
ublio llealtJi and Welfare of Newfoundland and the Council on Nutrition of the New- 
foundland Medical Association, and to Sir John Puddoster, t’onimissioner of Public Health 
nad ^\elfurc, Neafoun<nand, Dr. Jamc'* McGr.alh, Chairniaa of tlio Nutrition Council of the 
ewfoundhmd Medical .\biS()ciation, Dr Leonard Miller, Diri'ctor of Medical Seivices for New- 
oundland, and ilr. 0. fl. S.viue.x, Deputy {<t‘crctary for tSupply. Newfoundland, who contributed 
tu the arrangements for this work. They are indebted to Mrs. Elizabeth K. Caso, Department 
of Nutrition, Harvard ychuol of Public Health, for an analyMS of the dietary data. Figs. 1 
sad 2 nero devihcsl by Dr. Harold C. Stuart, of the Harvard Scliool of Public Health, who 
Kindly furniphed tliem to us. 
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venous use as blood substitutes,® and two pharmaceutical gelatins, Pbarmagel A 
and Pbarmagel B.f Two soybean phosphatide preparations, $ commercial soy- 
bean lecithin and purified soybean phosphatides, were also used. Gum arabie 
was found unsatisfactory as a stabilizing agent and hence was not studied. 

A series of corn oil (jMazola) emulsions was prepared udth each stabilizer 
in which the pH and the concentration of the stabilizer were varied. In each 
case an attempt rvas made to find the conditions most favorable for the action 
of the stabilizer and thereby reduce the necessary cprantity to a minimum. When 
an emulsion of reasonable stability and employing a minimum of stabilizer was 
obtained, it was used in an infusion experiment. All emulsions were auto- 
claved at 15 pouirds’ pressure for twenty-five minutes before use. The composi- 
tion of seven emulsions stabilized with Igepon T, cetyl phosphoric acid, and the 
gelatins is given in Table I; that of five emulsions stabilized with soybean phos- 
phatides is given in Table II. 


Table I. Co.mpositio.v ok Emulsioxs Used ix Experi.mexts 1 Through 9 


EMULSION’ N’UMBEU 

OA 

5e 

Gn 

(3j 

7f 

8.V 

S 




Gra 

ms Per Liter 



Water 

925 

930 

925 

925 

881 

740 

890 

Com oil 

67 

67 

67 

07 

105 

20S 

89 

Haliver oil 

2 


0.9 




0.9 

Igepou T 

Cetyl phosphoric acid 



2.67 

2.07 



17.8 

Pharniagel A 
Pharniagel B 





9.5 

13.5 


Gelatin (S. S. Pierce) 
Knox gelatin P(3-00 

6.0 

9.4 






KaCl 

1.89 

1.89 

1.87 

1.87 



3.89 

KCl 

1.85 


1.85 




2.47 

Na,HPO, 

2.26 

3.02 





1.37 

KaH,P0,.H,0 


1.96 

0.72 

0.38 

0.07 


0.15 

Tartaric acid 

NaHCO, 





0.8 

4.5 


KaOH 



2.0 

2.0 

0.0 



pH 

7.6 

6.9 

7.4 

7.4 

S.l 

8.5 

7.4 


Tabi.e II. Composition op Emulsions Used ix Experijients 10 Through 1(5 


EMULSION NUMBER 

10b 

IOd 

llH 

llJ 

IIM ■ 



Grams Per Liter 


Water 

870 

870 

800 

800 

800 

Corn, oil 

100 

100 

150 

150 


Coconut oil 





150 

Commercial soybean lecithin 

30 

20 




Purified soybean phosphatides 



36 

IS 

27 

Na,HPO, 

4.14 

2.76 

8.0 

4.0 

6.0 

pH 

7.25 

7.25 

7.6 

7.6 

7.6 


Infusion Experiments . — Normal adult dogs were used in all of the experi- 
ments, and they were maintained on a Purina dog chow ration fed ad libitum. 
In all experiments except 1 and 2 they were trained to lie down on an animal 
table, and the fat emulsion was given from a Alurphy drip bottle into a leg 
vein in the usual fashion. In the first two experiments the dogs were subjected 
to continuous infusion from an apparatus similar to that described by Jacobs4^ 
All emulsions not prepared isotonic were rendered so at the time of infusion 
by, the addition of suitable ciuantities of sodium chloride solution. Infusion 
Experiments 1 through 9 are summarized in Table III; Experiments 10 through 
16, in Table IV. 

♦Knox Gelatin Go., Johnstown, K. Y., and TJpjohn Co., Kalamazoo, Mich. 

tPharmagel Corporation, New York, N. Y. 

^American Lecithin Company, Elmhurst, Long Island, N. Y- 
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DlSCUSsSlON 

From the royiilt.s j;ive» in Tiii)le III, it eaii lie st'i-n that all of tlie emulsions 
Used ill Experiments 1 to 9 iiielusivc Avere Injjhly toxic. Infusion of emulsion 8, 
ivliich was stabilized witli Igepon T, resulteil in death of the animal (Experi- 
ment 1) in tlu'ce days, altliouyh infused A'ory slowly. Tlie cause of death was in 
all probability tlie result of extensiA'o pulmonary infarction. The A'omiting 
and execs.sivo salivation observed also indicated toxicity, perhaps due to the 
surface-active stabilizer, Tliese .symptoms were noted wlicn emulsions stabilized 
with Igepon T were infused into do"s in our earlier studies employing the 
hand homogenizer. Emulsions stabilized by cetyl phosphoric aeid produced 
fatal pulmonary eniboli.sm iii Experiments 4 aiul G (cnuilsicns 6H and 6J). In 
Experiment 3, emulsion 611 produced thrombophlebitis of such extent that the 
experiment luul to be terminated. In Exiieriment 6 an infusion of 95 c.c. pro- 
duced fatal consequences on the first day of flie experiiiierit. Emulsions 611 and 
6J Avere markedly lieinolytic in vitro. It is interesting tliat eomparalile quanti- 
ties of eetyl phos])horic acid di^•{)el^•cd in water do not pi*oduce sncli effects ivhen 
injected intravenously. Evidently nmeli of the toxic effect of this substance de- 
pends on it.s orientation at an oil-ivater interpha.*>e Tlie liigh toxicity of these 
emulsions is interesting in view of the fact that, owing to its efficiency as a 
stabilizer, relatively .small qijantifie.s of celyl pliosplioi-ic acid were u.sed in their 
preparation, 

Emul.sion.s stabilized witli the various gelatin preparatioixs cainsed inilmonary 
embolism (Experiments 2, 5, 7, 8, 9, Table lU). Theiv was little variation in 
tbc j)atU‘rii of symptoms. Lnhoreil abdominal brcatliing, salivation, vomiting, 
and defecation occur iu rapid succession w'ithin fifteen minutes to one hour 
after beginning tlie infusion. If Ibe infusion is not stopped at this stage, death 
may occur. Tlie gelatins arc well tolerated when infused alone ni a solution of 

Table ill. SvitMAity or I.sfi-sjox Exi-fkimkxts 1 Thkovgii 9 




i5 « 


a o 
^ c 


8 

5 A 
OH 
OH 
5E 

CJ 

8A 

7F 


la.s 

12.3 


iKepon T 

Gelatin 
(Overland) 

Cetyl phosphoric la.ii 
acid 

Get)l phosphoric 10.2 
acid 

Gelatin (Knox) 


i o ^ 


F 
F 
M 
M 

10.3 M 


Cetyl phosphoric 12 
acid 

l‘liatmagel B 
Pharniagel A 


Gelatin 

_ (Q^e^land) 


M 

F 

F 


4o0 

500 

118 

137 

232 


61 

60 


26 

21,3 


5 

13.U 


880 

950 

120 


63 

15 


GKOSS EFFECTS OP INFUSION 


Vomiting; excessive salivation; 
deatli 

Vomiting; salivation; convulsions; 

pulmonary embolism; deatli 
Experiment stopped — all veins 
tliromboscd 

Pulmonary embolism; deatli 

Coughing', abcloniinal respiration, 
and defecation during all infus- 
ions — stopped experiment 
Vomiting; defecation; urination; 

jiulmonary embolism; death 
Voniitmg; defecation; and labored 
breathing — stopped experiment 
Vomiting; defecation; urination; 
salivation; labored breathing — 
stopped experiment 
Vomiting; labored breathing — 
stopped expeiiment 
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the same pH and in qnantities considerably in excess oi; that used in the emul- 
sions. Indeed, the Knox gelatin P6-00 used in emulsion oE is actually prepared 
as an infusion colloid. These emulsions all showed a tendency to aggregation 
into clusters of droplets when mixed with plasma in vitro; this \u\doubtedly 
accounts for the pulmonaiy disturbances following infusion. The gelatin- 
stabilized emulsions demonstrate that toxic emulsions may be prepared from 
relatively nontoxic stabilizers and oils. 

Pharmagel A and Pharmagel B are prepared from acid- and alkali-treated 
precursors, respectively, and have isoelectric points in the pH ranges 7 to S 
and 4.7 to 5.0.*^ It follows that emulsion 7F stabilized witli Pharmagel A at 
pll 8.1 must have a gelatin film ai)out isoelectile or periiaps slightly negatively 
charged. The Pharmagel B stabilized emulsion (SA) must have a negatively 
charged gelatin film. Since plasma proteins are negatively charged at blood pH, 
there would appear to be no charge incompatibility between these emulsion films 
and the plasma proteins. Electrophoretic evidence indicates that the chjdomicron 
emulsion particles are negatively charged.^ The behavior of these emulsions is 
therefore probably not associated with this factor. 

The toxicity of emulsions prepared with these stabilizers induced us to 
return to commercial soybean lecithin which had been used in our early experi- 
ments.' It was found that such emulsions were much more stable when prepared 
with the high pressure homogenizer thai\ with the hand homogenizer. Infusion 
of emulsion lOB (Experiment 10, Table IV) was much bette]’ tolerated, although 
a transient urticaria developed during the infusion on the sixth day and was 
much more marked during the infusion on the seventh day. The urticaria in- 
volved the skin of the head, causing a general swelling around the face, and also 
involved the skin of file abdomen. There was considerable hemolysis attending 
the infvrsion of this emulsion. Emulsion lOD contained less of the so.vbean 
lecithin but likewise produced an urticaria on the first day when infused in an- 
other dog (Experiment 11, Table IV). The n.se of the commercial soybean 
lecithin as stabilizer was then discontinued. At this time, a purified preparation 
of soybean phospimtides was made available to ns." This preparation consists 
of about equal paz’ts of soybean lecithin, cephalin, and lipositol. It is relatively 
free of soylzean oil and free tatty acids. It is a straw-colored stalzle powder 
which is readily soluble in water and is a fairly officiezit stabilizer aliove pH 7.2. 

Emulsions IIH, IIJ, and 11^1 were prepared, using these purified phos- 
phatides as stabilizer and used in Experiments 12 to 16 inclusive. These emul- 
sions were much better tolerated than any used previously and were therefore 
infused for longer periods of time. The dogs used in these experiments were 
sacrificed with nembutal on the day following the last fat infusion. Terminal 
findings for these dogs are given in Table V. 

Experiment 12 was of the longest duration (forty-eight infusions) and 
throughout the experiment a total of 1.35 kg. of corn oil was infused into the 
dog. A progressive loss of M'eight and slight anemia attested to the mild toxicity 
of this emulsion (IIH). However, the animal seemed normal in other respects. 
Liver function as judged by bromsulfalein elimination, plasma phosphatase, 
plasma cholesterol components, and plasma protein concentration appeared to be 
normal (Table V). The methods employed in measuring liver function have 
been described elsewhere.'^' It is to be noted that the bromsulfalein elimination 
in this animal is not as efficient as that of the control puppies in the elioline 
deficiency studies,'® but in all of the dogs of this series it was far- superior 


•We are indebted to Dr. Albert Scharf. of the American Lecithin Co., Elmliurst, Wng 
Island, N. Y., for -this and otlier soybean phosphatide pieparations. 
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Cyiniiioicial F 
.<;oybc’!iu 
lecithin 

8 

8 

lUS 

10.5 

126 16 7 

10.7 

42.6 

11.0 

3.3 3 

11.3 

Uiticuria 
developed 
by i«ixtli 


<lay; occa.- 
i-ioiiul shiv* 


11 lOD Commercial 
.‘‘Oyljoaa 
, . lecitlutt 

1- IlH Purified 
soybean 
liho'plia. 

in , 

!•' IIH Purified 
soybean 
I'llOjsplui* 
tido.s 


l.'Ia 


F 

M 


11 llj Purified F 

soybean 
pboeplia- 

nil Puriiici F 

sojbean 
pbosjilia- 

1® llil Purified M 

soybean 

• tides 


1 1 oS 

Oii 48 

:il) 27 200 

IVJ 0 

2l« 28 167 


.10 20.7 
1.10 It»o 17.0 

HI 17 7 10 5o 

16.55 18.1 

12o i:i 5 10.S5 

147 15.95 10.75 


.17.0 32.5 

4S.n .34.0 14.0 

.14.0 42.0 10.5 

32,5 29.8 12.1 

07.9 31} 7 10 0 


crin-j, 

lapid 

hreutliing 

Immediate 

uiticaria 

9.9 Lo.>*s of 
weight; 
mild 
anemia 

10.5 Lo'ss of 
weiglit; 
mild 
anemia 

13.3 Xoimal aft* 
01 test 
period 

10.5 Xonc 


12.3 Nuno 


2!» 28 190 10 2 


00 29 202 15.0 153 15.75 19.2 3t).5 .30.1 12.1 11.3 None 


T.mile V. Teiouxal Fiximngs i.v Dogs ok Exi'm;ijiExr.s 12 to H> I.n'CH’.sive 



12 

I.; 

EXKKiaMCXT 

11 15 

K! 

ui,..,uUiiiem te.-t (/ig d^e per c.e. pIsuHimi 

12 

10 

11 

1(3 

7 

. la 8 imimtcs) 

as'iiiii pl^o^pllata!■e (/;tg pliospliorus libcinted 

205 

409 

148 

45 

57 

pliiMuu in 24 hr.) 

cliolesterol (mg. per coni) 
PlLmn cholesterol (mg. per cent) 

Totni r ^ (Gm. per cent) 

Total ''ciRbt) 

Tot'll 7 ^ 1 ^ hpids (per cent dry weight) 

Tot'll hpids (per cent dry weight) 

Tntoi lipids (per cent div weialifj 

152 

114 

5..3 

1.S.9 

353 

128 

12.8 

250 

157 

4.7 

14.7 

200 

138 

0.2 

1S.8 

200 

lOS 

5.35 

15.0 

17.1 


19.0 

10.9 

10.8 

10.2 



19.5 

30.S 

10.5 


11.1 

18.0 

9.2 

— iLh^^^creas lipid.s (per cent dry weight) 



.19.1) 

24.7 

22.5 


0 t lat of the elioliue-deficieiit puppies. Post-mortem examination showed no 
b^oss abnormalities with the exeei)tioii of numerous old renal infarcts. Micro- 
stJopically^ stainable fat was present in phagocytes in the lungs and in liver 
Parencliynial and Kupffer cells. In the.se organs and in the kidneys a cellular 
leactiou to this stored foreign lipid had evidently occurred, giving rise to 
scattered, discrete, occasionally partially necrotic graniiiomatous lesions. These 
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eonsisted of central lipid-laden macrophages and occasional giant cells mtli sur- 
rounding collars of lymphocytes. In addition there was evidence of moderate 
but widespread deposition of blood pigment in reticulo-endothelial phagocytes. 

The visceral organs showed normal lipid contents as measured by chloro- 
form extraction. Infused fat does not, therefore, accumulate in these organs. 
"VVe have found that it is not excreted in the urine. The fate of the mass of 
corn oil infused in emulsion form is a question of considerable importance. It 
appeal’s doubtful that any quantity would be excreted by way of the gastroin- 
testinal tract. The conclusion seems inescapable that (1) it is deposited in the 
fat depots and/or (2) it is burned for energ 3 '. Careful gross observation made 
it doubtful that the dog in Experiment 12 had 1.35 kg. of total bodj^ fat. It 
seems likelj’’, therefore, that the infused fat was utilized for energj’. This con- 
clusion is in harmonj’^ with those reached from respii’atory quotient studies 
following infusion of fat emulsions into dogs,” depanereatized dogs and rabbits,” 
and human infants.” It is not in agreement with the conclusions of Dunham 
and Brunsehwig^ who failed to observe (1) consistent changes in the character 
of depot fat toward that of the infused fat, and (2) reduction of nitrogen 
excretion on low calorie intakes during fat infusion periods. The first criterion 
of utilization is a precarious one ; the second would not be expected to be valid 
during active hemolysis as was the ease in their dogs. To us the conclusions of 
these investigatoi's seem unwarranted. For the present, however, evidence 
for utilization of infused fat is not unequivocal. Further studies on this ques- 
tion are now in progress. 



Fig. 1. — Photomicrograph of lung section (Dog of Experiment 16) showing noncaseating gran- 
ulomatous lesion. Note the giant cell (hematoxylin and eosin XlOO). 


In Experiment 13, emulsion IIH produced a slight but significant loss in 
weight and a reduction in hemoglobin and hematocrit over a shorter period of 
time. This dog was not sacrificed irntil thirty-nine daj’s after the infusions were 
stopped (Experiment 13a, Table IV). Durmg this interim, its weight and 
blood picture returned to normal. Post-mortem studies revealed lesions similar 
to, but not as extensive as, those seen in the previous experiment. It is to be 
noted, however, that this dog received far fewer infusions than did the animal of 
Experiment 12. 
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In an attempt to reduce tlic toxicity of emulsion 1111, two other emulsions 
were prepared Emn s.o.i 11,1 (TaUo II) contained only half as much stabilizer 
s emulsion IIH and was used m Experiment 14 (Table IV). This animal 
shmied a slight gam m weight after twenty-eight infusions and appeared to he 
eratin;,- the infusions liettei- tlian the dogs m-civing emulsion llll. Terminal 
hver function and other findings were normal (Table V). It is apparent that 
are due to an excess of the phosphatides. The 
effects of the oil are not to lie overlooked. Kochiie and llendel'i found marked 
diffe™,ee.s in the utilization of different oils given parenterallv. Coconut oil 
was found to be superior to cod-liver oil, butter, and peanut oil in this respect. 

. ccoK mg another emulsion, 1111, was prepared which contained enconut oil* 
mtead of coni oil (Table II). This emulsion was used in Experiments 15 and 
ill. Eotli of the animals in these exiicriments tolerated the emulsion verv well 
and appeared nonnal after twenl.v-eight and twciity-niiie daily infusions.' Par- 
lieularly interesting was Experiment IC in whicli an iiiideriiourished dog was 
loiight hack to normal during the infusion period. Its net gain was 3.45 k"-. 
repre.syntitig a gain of 21.9 tier cent of the original liody weiglit. The termiiiai 
liver tunetion and the lipid eonteiits of visceral organs of Iioth dogs receivin'' 
emiiLsion 111! were normal (Table V) However, in the lungs of all of these 
animals phagocytosis of fat and a iioiie,a,soating cellular resiionse to the forei''n 
hpid were evident (Fig. 1). 

COMMENT 

^ These experiments clearly demonstrate that the stabilizer is a prime factor 
in determiiiin^r tlie tolerance of an animal to an emulsion. All of tlie emulsions 
used in Experiments 1 to 14 inelusive were enmi.sions of corn oil with comparable 
paitiele size and jiH. Tlie differences in tolerance must have resulted from 
iirerenees in the stabilizci-s employed. Of the scries of stabilizers we have 
n«ed, only the soybean phosphatides stand out as suitable for this purpose. 

an oil-in-water emulsion is to he n.scd as a carrier for fat-soluble vitamins, 
or rugs, or to absorb toxins or for any other purpose wliere relatively small 
amounts are needed, a numljer of other stabilizers may be satisfactory. However, 
or the purpose of introducing enough fat to meet rerpiirements for parenteral 
nutrition, a toxicity restriction is imposed on many stabilizers and their emul- 
sions. ^ The literature on this subject gives hut few accounts of fatal outcome 
0 ouing tile infusion of emulsions. Perhaps the chief reason is that very small 
Quantities have been used in most of the experiments. Dunham and Brun- 
^ Wig state that nine of twenty-four dogs used in their studies died because 
°n**^*^ Tlieir emulsions were stabilized with egg phosphatides and 

omal. jMcKibbin and co-workei's* reported fatal outcomes in preliminary e.\- 
periments on complete parenteral nutrition, but this cannot he attributed simply 
0 e soybean phosphatides or their emulsions since other factoi*s ma}' have 
upeiated in experiments of this kind. As far as we arc aware, no otlier investi- 
oa ors have reported fatal terminations of fat emulsion infusion experiments, 
etiier or not egg lecithin or egg phosphatide preparations may be toxic under 
am conditions is an important point raised by the studies of Dunham and 
usehwig. One might expect egg and soybean phosphatides to have much in 
^uimon, altliough there are rather marked differences in tiicir composition. 

® "^gg phosphatides contain lecithin (2 molecules of beta to 1 of alpha), 

P aim, and usually considerable cholesterol. The so^'bean phosphatides con- 
^st of lecithin (2 molecules of alpha to 1 of beta), cephalin, and lipositol. AVhat 


Refined coconut oil, e. F. Drew & Co , 


Inc., Boonton. N. j. 
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differences, if any, are inherent in the lecithins other than their alpha to beta 
ratios, in the cephalins, in contaminating impurities, and in the general physio- 
logic pi'operties of their mixture are obseui'e. It is of interest that we have had 
no fatalities in a total of eleven dogs receiving emulsions stabilized with the 
soybean phosphatides. However, smaller amounts of soybean phosphatides were 
used in our emulsions than the egg phosphatides used by Dunham and Brun- 
schwig in their emulsions. As to relative efficiency as a stabilizer, little can be 
said at present. Emulsions IIH, llj, and IIM all show small but visible droplets 
of oil at the surface after autoclaving. The small droplets tend to float on the 
liquid .surface in the infusion bottle and gather in the last few cubic centimetei's 
of emulsion where they may be discarded. Hence the larger droplets are not 
infused. The emulsions are probably not .stable indefinitely. In all of our 
experiments we have used emulsions made u]) every two weeks. Under tliese 
conditions, Ave have observed no outward signs or symptoms of fat embolism. 
It is possible that the emulsions corrld be used after much longer times. Slore 
AAnrlv needs to be done before the relative u.scfnlness of the egg and soA’bean 
phosphatides in this capacit.v can be determined. Prom the standpoint of avail- 
ability. general stability, and ease in handling, the advantage thus far seems to 
lie in the directioir of the soybean pbospliatkles. 

Coconut oil appears to be superior to corn oil as an infusion fat. It is rela- 
tively nouirritating and Avhen its emulsion is iirfnsed .subentaneoiislj'’ (when the 
needle Avorks out of tlie vein, as happens occasionally), there is no heal ti.ssue 
reaction as is the case Avitii the corn oil emulsions. This is similar to the findings 
of Koehne and ilendel.'’ With corn oil this reaction may produce sAvelling and 
sorene.ss of the entire area, rendering the leg useless for further infusion for a 
Aveek or more. One instance of peripheral neuritis appeared to result from .such 
an accident. This constitutes a practical adA’antage in the use of coconut oil. 
A number of properties of coconAAt oil may be desirable for parenteral nutrition 
mixtui'cs and ma,v make it superior to many other common oils. It is abnost 
entirely saturated, having an iodine n\Ambcv of 6 to 10, and Avonld thus be mucli 
less susceptible to oxidative raircidity than other oils. It has a greater .propor- 
tion of low molecular Aveight fatty acids (very liigh saponification number) 
and soluble fatt.v acids (relatively Ioav Hehner number). These factors Avould 
))e ex])ected to increase the rate of utilization of infused fat. Experimental 
studies designed to evaluate the various oils, or fats as to their relative suitability 
for tills purpose are needed. 

The histologic examinations reported in tiiese studies shoAv that oven the best 
emulsions (llj and 1141) Avere not entirely inert over the time they Avere in- 
fused. The available evidence suggests that the foreign lipid is pliagoeylized by 
macrophages ciiiefly in the lungs and then gii'es rise to a cellular reaction I'esult- 
ing in the formation of noneaseating submiliary granulomatous lesions not un- 
like tubercles. The sequence of the changes producing these lesions and their 
subsequent fate cannot be determined Avith the material at present available 
for study. Lesions of Ibis kind haA’-e not been reported by other investigators 
folIoAving infusion of fat emulsions. 

The total energy content of all of the emulsions stabilized Avith tlie purified 
soybean phosphatides (IIH, IIJ, and IIM) Avas approximately 1,350 calories 
per liter on the basis of the fat alone. The energy furnished by the phosphatides 
themselves, if any, Avonld augment this figure. On the basis of 1,350 caloiies 
X)er liter, it Avonld be possible to give an "average fat intake” to a man Aveighmg 
70 kg. (750 calories or 25 per cent ef the total calorie intake) Avith an infusion 
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volume of 5u:> e.e. It would he possible to iiierease the fat eoiieciit ration of tlic 
emulsions should this he ilesirahle. 


SU3I.MARV 

Com oil enmi.siuns of line parlielc si/e have been prc'j)ared with a lunubei' of 
diftVreut stahilizei’s. Tiicse have inelude<i I^epoii T, eetyl j)Iiosi)horic acid, edible 
jtelatin, pharniaeeutieal ;;elatiiLs, infusion i;elatiiis, coinmereial soybean phos- 
pliatules, and purilied soyl)eaii phosphalides KiihiIsioik pj’cj)ared wilii all these 
stabilizei's eseoi)t the last two i>rodneed severe or fatal reai’tions when infused 
into doy:s in atnovints sullieienl to etpial tiu* visual calorie intake of fat or less. 
Emulsions stuhilizoil witli tlie eomineix'iul soxhean phospluitides prodn<'e<l lioinol- 
ysi.s and urticaria, whereas those .stahilized with the purified soyljcau phos- 
pliatides produced only minor chanties and these after relatively ]nn^ periods of 
daily infusions. Eefined eocomit oil emulsions stabilized witli the purified soy- 
bean phosphalides have so far been the more sueeessful in infusiijn studies. 

W»> arc intlL'Iifo<I to Dr. Siiluey Rnlter :mU Dr. Frank Dutr.i for with tlie 

pnt}io]o;,'ic sliulics aii<I to Atr'. C>. i*aUcrs<iii for tcciiiucal av^istaiu’i’. 
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TIMING OF PHAGOCYTIC CHANGES IN MALNUTRITION 

Esther Cottixgham, ^I.S., a>:d Clarence A. iliLLS, ll.T)., Ph.D. 

Cincinnati, Ohio 

I N OUR previous reports^’ - on phagocytic changes in the malnutrition of 
vitamin or protein defieieuc 3 ', rve stated that the animals ivere kept on the 
deficient diets from four to seven weeks before being tested for phagocytic 
effieienej’'. Preliminaiy observatiojis had indicated four weeks as the minimal 
time for full effects of the malnutifition to develop. We wisli now to repoif 
a more detailed studj* of the time relationships involved. 

Weanling white rats (Sprague-Dawlej’’ males) were placed in tropical 
warmth (90 to 91° P. and 60 to 70 per cent relative humiditjU and kept on 
sjmthetic diets for eight months before being used for the study. The I’ats in 
one group received the optimal diet for tropical warmth described previously,^ 
while those in the other group received a diet moderately deficient in protein 
and all the B vitamins (Table I). 

While this low vitamin rat diet would appear to be onlj' niildl 3 ' deficient, 
it was about as low as would be tolerated by eight-month-old rats. Further 
reduction of thiamine from 1.2 mg. per kilogram down to 1.0 mg. per kilogram 
resulted in typical severe deficiency symptoms and death within four to five 
weeks. Rats of this age, kept since weanlings in the heat on the optimal hot 
room diet, also develop fatal thiamine deficiency in about the same time if the 
dietary thiamine is reduced to 1.0 mg. per kilogram. 

Using the technique previously described, we measured the phagocytic 
activitj^ of the blood polymorphonuclear ncutrophiles and then placed the rats 
with deficiencies on the optimal diet while changing some of the normal rats to 
the deficient diet. Estimates of phagocytic activity and weight change were 
made weekly thereafter for each group. Pour rats in each group were bled 
from the heart and discarded from the stndj' at the end of each week so that 
tlie stud.v Avonld not be complicated iy anj' possible effect on phagocj'tosis from 
repeated bleedings. 

In Table II is set forth tiie changes in phagocytic activity and body 
weight which took place from week to week. Even though the dietary shifts 
in each ease were promptlj’’ reflected in bodj' weight changes within the first 
week, no corresponding alterations were found in activitj’’ of tlie blood phago- 
cytes. By the end of the second week a moderate change was observed in 
phagocytic function; this became more marked during the third week and 
Avas complete the end of the fouith Aveek (Fig. 1). After four Aveeks, the 
rats that fomerty had deficiencies exhibited normal phagocjdic activitj’’, while 
those previonslj' nonnal Avere uoav at the Ioav level of full deficieuejL 

lYith bacterial counts made in 40 phagocj’tes from each rat (making 160 
cells for each mean value recorded in the table), differences in one day's 
readings greater than 1.5 become statistieallj' significant. Naturally the read- 
ings of one Aveek can be compared Avith those of another Aveek onlj’’ bj' reference 
to each Aveek’s nonnal A’alues obtained on the control rats. The bacterial 
suspension used in the third Aveek's tests Avas slightly too dilute, Avliile that of 
the fourth Aveek Avas distincth' heavy. This necessitated the calculation of 
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allow an ample margin of stability. In human case studies, 100-cell counts 
would provide sufficient stability if the technical details of the method were 
carefully standardized. 


PHAGOCYTOSIS IN RAT MALNUTRITION AND RECOVERY 



PHAGOCYTIC RECOVERY IN HUMAN MALNUTRITION 



PHAGOCYTOSIS IN HUMAN JIALNUTRITION 

We wish also to report preliminary phagocytic studies in a few selected 
eases of human malnutrition. Several aged patients suffering from bacillary 
dysentery of variable duration were admitted to the Cincinnati Geneial 
Hospital from a low-cost private nursing home. All were severely emaciated. 
The essential features of these cases are presented in Table IV, along with 
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TAorx IV 


IIUiiAN' Casks or MALNurnixiON' SnnuKu 


CASE 

HOSPITAL 

SUMBEU 

SM.Y 

cowit 

AUK 

) W.\aNosi.s 

DIET 

TltEUAPY 

VITAMINS 

i 

102292 

i' 

W 

03 Xicotinic acid dclicieitcy; 
arteriosclerosis 

Hegular 

Xicotinamidc 


1S57-I3 

ir 

W 

30 Acute pellagra; chronic 
alcoiiuli'^ni ; periplieral 
neuritis 

llegular 

Xicotinaniide, 
thiamine, yeast 


1707S7 

M 

c 

10 ililiary tuberculosis; rc- 
M‘ction of jejunuai 
(died) 

Various 

Xicotinamidc, 
thiamine, as- 
corbic acid, 
CLO 

4 

1/ jjyi 

F 

iV 

SG Acute enterocolitis, para* 
tvplioiil B; a\ttaiiiino- 
sis; senility 

protein 
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soft 

Thianiine, nbo- 
fiavin, nicotin- 
amide, ascorb- 
ic acid 

3 

109541 

F 

iV 

80 Acute bacillary d^.sentery 

High protein 
High caloric, 
soft 

Xono 

0 

itiUoSl 

it 

iV 

73 Acute b-acillary dysen- 
tery; bcnility 

High protein 
High caloric, 
soft 

Xono 

7 

-IOjUU 

it 

w 

7G Acute bacillary dysen- 
tery; B vitaiiim do- 
licienry (died) 

High protein 
High caloric, 
soft 

Thiamine, nico- 
tinamide, as- 
corbic acid 

S 

182754 

it 

iV 

7 1 Acuto bacillary «l)«cn- 
tery; vitamm B de- 
ficiency 

High protein 
High caloric, 
soft 

Tliiamine, nico- 
tinamide, ribo- 
flavin, ascorb- 
ic acid 

9 

180004 

it 

iV 

OS Acuto bacillary d/.'-en- 
tcry; malnutrition 

High protem 
High caloric, 
soft 

Thiamine, nico- 
tinamide, ribo- 
flavin, ascorb- 
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10 
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it 

\v 

33 Beriberi heart disease 

Regular 

Thiamine, yeast, 
nicatinamido 


those of tliroG ward ciLses of vitmniii <k‘fieieney and one emaciated patient in 
whom jejunal resection liad been performed (miliary tuberculosis found at 
autopsy). All the patients with dysentery received siiceinyl sulfathiazole in 
adequate dosa'je, in addition to the si)ccial diet. 

Phagocytic activity in tlie blood of these patients was estimated by com- 
parison with two healthy nornuils as controls, and these noianal individuals were 
different times checked against healthy rats kept on an adequate syntiietic 
diet to assure constancy. 

The average rate of i)liagocyte recovery in this series of i)aticnts with 
uuihiutrition was slow during the fii’st two wcelcs in the hospital, while from 
the third week onward it was more rapid and remarkably regular (heavy line 
ni Fig 2). It is impossible to say how much of this recovery in the patients 
With dysentery was due to tlie succinyl sulfathiazole, how much to the rich 
diet, and how much to tiie vitamin therapy. The two patients receiving no 
J^damin supplementation made about average rccoveiy in phagocytic function, 
lu the first three patients witli relatively uncomplicated vitamin deficiencies, 
l>'ood recovery of phagocytic function followed specific vitamin tlierapy as the 
only treatment administered. It is perhapiJ significant tliat the two patients 
who died showed veiy low phagocytic function at all times. 


DISCUSSION 


than 


The general recovery rate in the human patients was somewhat slower 
m the rats on synthetic diets, perhaps partly because the rats were other- 
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wise healthy, while other abnormalities retarded recovery in the human patients. 
One significant point of the study is the demonstration that malnutrition, 
from whatever cause, can produce a very marked lowering in phagocytic func- 
tion. A second point of importance is the finding that phagocytic recovery 
follows restoration of nutritional adequacy in both rats and men, but with 
a lag of from one to two weeks. 

Presence of this definite lag in phagocytic recoveiy might possibly be 
inteiTireted as meaning that improved phagocytic function comes only with 
release from the bone marrow of new phagocytes produced under the improved 
nutritional conditions prevailing. In similar manner, the lag in the decline 
of phagocytic activity with dietary inadequacy may mean that only new cells 
being produced under the deficient marrow conditions will show faulty func- 
tion. Mature phagocytes already in the circulating blood seem to be less 
affected by the change in nutritional status of the individual. 

CONCLUSIONS 

Eats changed from an adequate to a deficient diet show marked weight loss 
during even the first week, but reduction in activity of the blood phagocytes 
becomes evident only dmang the second week and is completed by the end of 
the fourth week. Those changed from a deficient to an adequate diet show a 
similar timing in the recoveiy of phagocytic activity. 

In human malnutrition phagocytic function is low. Dietary correction 
and vitamin supplementation result in phagocytic improvement which (on the 
average) follows a straight line rise from the third week onward, reaching 
normal levels in about five weeks. 
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THE ADMINISTEATION OP PENICILLIN BY CONTINUOUS 
INTRAMUSCULAR DRIP 


Ralph 0. Smith, M.D., and Carl G. Harford, M.D. 
St. Louis, Mo. 


W HEN penicillin is injected parenterally, it is rapidly removed from the 
blood, so that concentrations remaining in the serum at the end of two 
hours are extremely small.^’ ' Because the drug is so rapidly eliminated from 
the body, it lias been found necessary to inject penicillin intravenously or intra- 
muscularlj'’ at frequent intervals. The method of administration most widely 
used at the present time involves single intramuscular injections every three 
or four houi’S, day and night. The general type of blood curve attained by this 
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melliod is sliowii in Fi^. 1. It will be noted (bat (be amount of drug pi-esent 
in the blood sei-nm is bai-uly detectable durinj; the tliird and fourth hours after 
each injection.*-' Alihottffh inlerniitteiit intramuscular penicillin therapy is 
effective in the treatment of many .severe bacterial infections, "* the question may 
i)e raised as to whether intcnuittenl peaks of jicnieillin concentration depress 
bacterial growth as clTectively as docs a continuous concentration of the drug. 

The relative sen-sitivit}- of diifemit bacteria to jwnicillin vai-ies appreciably 
and may be measured in vitro.” It is doubtful ivhether favorable results can 
be expected in the treatment of eliniva! infections unless the amount of penicil- 
lin in the infected ti.ssues is greater than the minimal eoneentratlon shown to 
exert an antibacterial elTeet in cnltniv media.'" If this premise be accepted,' it 
would seem to follow that the most elTieient method of administering penicillin 
is that which maintains continnousl.v in the blood and tis.snes a concentration 
of dnig greater than that needed to e.vert a bacteriostatic cftcct upon the offend- 
ing organisms. It is logical to a.s,snnie that the growth of the bacteria will es- 
cape from the action of the penicillin wlienever the concentration of the drug 
falls below the minimal baetcriostalic level. 



Various metliods liave been advocated for maintainiug more constant con- 
centrations of penicillin in tlio blood. Some investigators liave attempted to 
delay the absorption from tlie site of injection, “■*” whereas others have admin- 
istered substances which interfere with the e.xerction of the drug by the Idd- 
neys.K. IS Tj,g promising method at the present time would appear to be 
that based upon the use of penicillin injected in a mixture of beeswax and pea- 
nut oil.'” 

^ With continuous drip therapy, absori>tioii is slowed by tiie clamp on the 
luhhig so that levels of penicillin in the blood show only small variations. Con- 
Imnous intravenous drip'*-'” has been employed but involves technical diffi- 
culties, particularly when the drug must be administered for more than a few 
days. Continuous subcutaneous drip has been found to be relatively unsatis- 
factory in that it yields significantly lower blood levels than does continuous 
intravenous administration.”” Since preluninary reports suggest that con- 
thiuou.s intramuscular therapy*- offers certain advantages over both of 
file methods just mentioned, it has seemed desirable to subject it to further 
clinical trial. The purpose of the present study has been twofold: first, to de- 
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termine quantitatively the blood levels attained by various dosages of penicillin 
administered by continuous intramuscular drip; and second, to evaluate the 
practicality of the method in the treatment of human infections. 


METHODS 

Administration of Penicillin. — ^The twenty-four-hour dose of penicillin* 
was dissolved in 300 c.c. of normal salt solution and administered by a standard 
intravenous apparatus.! Instead of the usual glass needle adapters, short metal 
ones were used. Tunnel clamps$§ were employed to adjust the flow of solution 
to 4 to 6 drops per minute. A No. 20 standard gauge l^.^-ineh needle was in- 
serted deep into the vastus lateralis muscle after preparation of the thigh with 
iodine and alcohol. Sterile gauze dressings were placed about the needle which 
was then firmly taped in place. The needle was usually left in place for two 
or three days before being changed to the opposite side. In one instance the 
needle was left in place for five days without any apparent deleterious effect. 
Little change occurred in the speed of flow when the clamps were once set, and 
it was not found necessaiy to watch the drip at frequent intervals. 

Dosage of Penicillin. — All but one of the patients studied were given, on 
succeeding days, twenty-four-hour doses of 100,000, 160,000, 240,000, 400,000, 
and 800,000 units of penicillin. These dosage schedules corresponded to inter- 
mittent injections of 12,000, 20,000, 30,000, 50,000, and 100,000 units given 
every three hours. One patient, acutely ill with subacute bactei'ial endocarditis, 
was given penicillin continuously at the rate of 100,000 units every hour for a 
period of twelve hours. 

Selection of Patients. — All but the one patient Avith bacterial endocarditis 
had early syphilis and were selected because they were relativclj' young and 
were free from significant cardiac and renal disease. 

Estimation of Blood Levels. — Each test Avas set up as indicated in Table I. 
Blood senim Avas obtained by aseptic technique, and tAvofold dilutions Avere 
prepared by adding M/50 phosphate buffer.]) A single dilution in the series 
Avas selected according to the estimated penicillin level in the serum, and vary- 
ing amounts of this dilution, as indicated in Table I, Avere placed in test tubes 
measuring 1 by 10 cm. Diluent Avas added to each tube to bring tiie volume 
to 2 c.c. 

A fresh culture of a standard strain of Staphylococcus aureus (209)11 Avas 
obtained by seeding 30 c.c. of single strength broth^^ from stock cultures and 


Table I. Method op Titrating Penicillin Concentrations in Unknown Sample op Serum 
(Volumes Expressed in Cubic Centi.metebs) 


TUBE 

BUFFER 

INOCULUM 

UNKNOWN 

1 

0 

2.0 

2.0 

2 

0.4 

2.0 

1.6 

3 

O.G 

2.0 

1.4 

4 

0.8 

2.0 

1.2 

5 

1.0 

2.0 

1.0 

6 

1.2 

2.0 

0.8 

7 

1.4 

2.0 

0.0 

S 

1.6 

2.0 

0.4 


♦The uenicillin was nrovided by tlie Office of Scientinc Research and Development from 

suppIiesissf|^ed't thfco.Zmtee?n Medical Reseurji for 

by the Committee on Chemotherapeutics and Other Agents of the National Research conn 
♦Manufactured by The Upjohn Co., Kalamazoo, Mich. 
tSuggested by Dr. Chester S. Keefer. 

fManufactured by The Harvard Apparatus Co., Dover, Mass. 

)1A fresh pipette was used for the preparation of each dilution. 

5This strain was obtained through the Kindness of Pr. J* V* Coo ^e. 


AD.MINISTKATIOX OF I'KMCII.MX BY CONTINUOUS INTKASIUSCULAK PUU‘ 505 


iiicubatiiiij twelve lioiirs, at 37° C. One cubic centimeter of tliis culture was 
added to 100 c.c. of double strength bixith” and 2 o.c of tlie mixture were added 
to each tube in tlie series. Aseptic i)rccautinn.s were observed tln*oiighout. 

A single sample of commercial pcnieilUn* contaming 295 Oxford units per 
milligram was used as a standard. Dilutions of this sample were sealed in 
ampules and stored at -70° C. JJepealcd (e.sts with the standard strain of 
Staphylococcus aureus (209) revealed that an amount of 0.02 units constantly 
iiihil)ited growth. In each group of le.sts a control seides of tubes was included, 
using the standard. 

All tubes were shaken well and incubated at 37° C. for eigliteen liours. 
Headings were made by .shaking the tubes, holding them up to a strong light, 
and determining by inspection the last tube showing diminislicd turbidity (that 
is, hactcrioslasLs). In practically all instances the end point was clear as evi- 
denced by indeiJendeiU readings made by several observers. 

The ((uantity of serum in the tubes was found to Iiave no demonstrable ef- 
fect upon the end point of the test.=‘ When normal human serum was sub- 
stituted for tljc phosidiale buffer, the cud point was uncliangcd, although the 
hacterial growth in tlio tuhe was somewhat more luxuriant. 

Since tlie smallest amount of scrum producing inliibitiou of growth was 
known to eontuiu 0.02 imits of peuicillin, the concentration of drug per cubic 
centimeter of serum was easily calculated. 

IinSULTS 

Practical Advautaycs of Methods.— majority of patients studied pre- 
ferred the continuous iiilramusciilar infu.sion to iiitermillent intramuscular in- 
jections given every tlireo Iioiu’s, day and night. Sleej) was not interfered with, 
and once tJie needle had been taticd in place, the patient was able to move about 
without undue diseomfort. Tlie rate of flow was not disturbed by movement of 
the leg, and the infusion apparatus needed only a niiiiimal amount of attention 
from the nursing and resident staff. In most cases the patient wa.s asked to 
watch the drip bulb occasionally and report any significant change to the nurse. 

Serum Concentrations of Penicillin. — The blood levels of penicillin obtained 
in four patients given continuous iiitranniscular therapy of varying doses are 
shown in Pig, 2. Although sonic variation occurred, the blood levels attained 
were relatively constant tiiroughout I be twenty-four liours. The higher doses 
were associated with higher blood levels, and very little overlapping of the cuiwes 
was observed. There was some individual variation in that all the levels of E. J. 
were somewhat lower than those observed in other patients. In Pig. 3 the 
number of units of penicillin administered in twenty-four hours is plotted 
against the average drug level attained in the blood. It will be seen that the 
levels are essentially proportional to the do.sage, the relationship between the two 
variables being approximately linear. One patient was given penicillin con- 
tinuously at tlie rate of 100,000 units every hour for a period of twelve houra— 
|hc equivalent of 2,400,000 units per twenty-four hours. TJie levels maintained 

this patient's blood are shown in Fig. 4 and have been plotted separately 
hecaase the magnitude of the values necessitates a different scale. Even at this 
extremely higli dosage it was found that the linear relationship between dose 
3nd blood level still obtained. 

Complications. — The reactions encountered in the sixteen patients are sliown 
ir. Ten patients developed relatively severe local inflammatoiy re- 

•LeJerJe Laboratories, Inc., Pcarl JUver, N. Y. 



Average serum concentration (units per c.c. 


Patient J.Y. 


Patient E.J 


Patient P,E. 


Patient D.P. 




Fig. 2. — Concentrations of 
penicillin in the serum of pa- 
tients receiving continuous in- 
tramuscular drip. Dosage in 
twenty-four hours; • •• 

100.000 units; X....X. 160,000 

units; 0 — 0. 2-t0»000 units; 

+ 400,000 units; j— 'K 

800.000 units. 




100 160 240 400 

Dosage (units) per 24 hours x 1,000 


Fig. 3 . — Helation of aver- 
800 age serum level of penicillin to 
twenty-four-hour dosage. J. r- 

• • ; E. J., X-...X: P. E.. 

0—0 : V, P; 
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TAIII.K ir. iN'cniKN'l'K (IK lOLOTmxS TO OoYTIXKOOs ISTKAMKSCKI.AU IXJKCTJOX 

OK Pksktliax 


Nuiulujr of p;vt\ont» 

10 

Locni intlnniniatorv reaction 

1(1 

Fever 

7 

Leucoevtosi.H 


Phlebothrombupia 


Suhculiiueoua emphyj^nua 

1 

Xo complication 

5 


actions at tin; silo of injcolioii. in all Imt oik; case the teiielton dcviiloped on 
the fifth to sovcBtli (iuj- of tfeatnK;iit (h'i;;. 5) and eonsisted of seveve local pain, 
redness, and local heal alioiil the site of injection, nstially involviiiir the tcholo 
lateral aspect of the tliipli. The opposite thigh necer showed any swelling at 
the site of previons injection. The intlammatoiy proce.ss invatiahly sub.sided 
rapidly (n-snally within twenty-four hours) when the needle was removed. No 
evidence of bacterial inva.sion of the thigh was encountered, and no local theratjy 
was resiuircd. 



t.— Serum lewis ot lienlclUtn Jurins continuous intrnniusculiir adinmI.stralion of 2 4110.0 
unitv in twent>'/'out' iioura 



lay of Hospitalization 


®^cu*Tence of local Intlammatory reaction, fever, and Icucocytosis clurmg continuous 
•ntratnuficular ailniinislratlon of pcnicUiin at the rate of 240.000 units per twenty-iour liours. 


Tiio second most common i*eactioJi, which occurJ-cd in seven patients, was 
ever. The etevatioii in temperature was usually first noted on the sixth or 
seventh day {h'ig. 5). 'When the continuous therapy was stopped, the fever 
subsided within twenty-four hour's. jVU patients who developed fever showed 
“'’idence of a local inflammatoi'y reaction, altliougii the reverse was not true. 

iie fever was frequently aecompanied by Jeucoeytosis of from 15,000 to 18,000 
tells Per cubic millimeter without significant shift in the differential count. In 
™>e case the fever and local reaction began on the second day, the fever ranging 
from 39 to 39.8“ C. 
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A single patient developed plilebothrombosis of the femoral vein, pi’obably 
as a result of inflammation of tissues above tlie vein. The needle in this case had 
been inserted into the anterior aspect of the thigh. One patient developed mild 
intramuscular and subcutaneous empliyscma when the drip was allov/ed to run 
out, but this reaction subsided promptly. 

CONCLUSIONS AND DISCUSSION 

The results of the pi-esent investigation would appear to warrant two con- 
clusions: first, that the continuous intramuscular administration of penicillin 
affords a practical method of maintaining relativelj’- high concentrations of 
penicillin in the blood; and second, that with the penicillin preparations now 
available, the incidence of local reactions at the site of injection is too gi'eat to 
warrant routine use of the method at the present time. The blood levels at- 
tained by the continuous intramuscular di-ip are approximately the same as 
those reported with the continuous intravenous method.--' This fact would seem 
to indicate that no significant amount of penicillin is destroyed at the intra- 
muscular site of injection. It is of interest that the same linear relationship 
between dosage and blood level apparently obtains with both the intravenous 
and intramuscular routes. Blood levels as high as 2 or 3 units per cubic centi- 
meter may be continuously maintained by the intramuscular method. It is sug- 
gested, therefore, that the method may be employed advantageously in the 
treatment of infections Avith relatively resistant bacteria.-® 

More than one-half of the patients treated in the present study developed 
local reactions at the site of the continuous intramuscular injections. Such local 
reactions have been described by previous observei’s.^®'®® It should be pointed 
out that relatively crude preparations of penicillin were used in the pi’esent 
study and in those previously repoi’ted. There is already suggestive e'fidence 
that the incidence of local I’eactions following intramuscular injections is in- 
versely proportional to the purity of the penicillin employed.®® It is conceivable 
that in the near future a crystalline form of penicillin will be available for 
therapeutic use. If more highly purified preparations of penicillin fail to cause 
local reactions at the site of injection, the continuous intramuscular method may 
be justifiably retained as a means of administering intensive penicillin therapy. 
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ACTINOJIYCOTIC infection of the soft tissues of the NECK: 
apparent curb following large doses of penicillin 

A Case Repokt 

Cai'tain j. II, McChea* JIa-jok R. A. Stiakn.I and JIajok 0. 0. WilliamsI; 
IMedical Cokes, Akmy of the United States 

T his is a report of a case of actinomycosis of tlie soft tissues of tlie neck 
wliicli was treated successfully w'itli large doses of penicillin. 

The patient, a white male officer, 28 yeare of age, was stationed in southern 
California. He was perfectly well until April, 1943, when he developed sore- 
ness in the region of the lower molai’s bilaterally. A diagnosis of impacted 
lower third molars was made and the teetli were extracted June 9, 1943, at his 
station hospital, iloderatc swelling and tenderness were present on the left 
aide following the operation but disappeared permanently after two weeks. The 
^■■ght side healed over a period of four weeks, but a sharply localized area of in- 
duration approximately 2 cm. in diameter remained in the soft tissues of the 
^1^ just inferior to the angle of the mandible in the posterior cervical triangle. 

Received for publication, March 28. 1945. 
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PEOTHROMBIN IN PRESERVED BLOOD . 

R. P. Banfi, C. a. Tanturi, and R. Bay 
Buenos Aires, Argentina 

T ransfusion of preserved blood has proved useful, especially where 
donors have not been available and it has been necessary to replace blood 
lost through hemorrhage. 

Fresh blood transfusion is a usual procedure in instances where hemor- 
rhage is due to disturbances of coagulation ; in such cases blood transfusion is 
most important since the blood contains all the necessary factor's for normal 
coagulation. Should preserved blood be administered in cases of hemorrhage due 
to hypoprothrombinemia, it is advisable to learn beforehand whether the blood 
to be transfused contains sufficient amounts of prothrombin, so tliat the patient's 
blood may be given, altliough momentarily, its capacity for normal coagula- 
tion.^’ * 

Several investigators have studied the prothrombin stability of preserved 
blood for transfusions. Generally, after some days, prothrombin gradually 
diminishes in the blood and hence it cannot be used for transfusions designed to 
correct hypoprothrombinemia; liowever, there is considerable disparity in med- 
ical literature regarding the speed and degree of disappearance of prothrombin 
in preserved blood. Thus Belk and his co-workers^ and Lord and Pastore,® by 
means of Quick's method,^ did not find changes in the first five days, while 
Quick,'’ using his own method, reported a 50 per cent decrease in tlie first twenty- 
four hours. Ziegler and his co-workers,’® using Smith's method,” found that 
the prothrombin progressively decreases during- tlie first thirty-six days, while 
Rhoads and Panzer,’ using a modified Quick's method, found that prothrombin 
diminishes to 25 per cent in seven days and to 20 per cent by the end of ten 
days. Wanier and his eollaboratoi's,® employing Smith's procedure, found the 
following values for prothrombin: 91 per cent at the end of ten days and 50 
per cent within twenty-one and twenty-five days. According to these anthoi's, 
the difference in results is due both to the method of preserving blood and to 
the anticoagulant used. We feel that the methods employed to determine tlie 
prothrombin concentration are responsible for this disparitjv 

EXPERIMENTATION 

The blood used in this study was obtained from healthy adults in accordance 
^vith directions set by two of us” ; that is, by mixing 9 volumes of blood mth 1 
volume of 0.1 N sodium oxalate (in this instance we employed sterilized sodium 
oxalate) . 

The blood thus collected was divided into two portions: one portion was 
aseptieally stored in 2 c.c. ampules; the other was centrifuged and the sepai-ated 
plasma was kept in 1 c.c. ampules. These were kept, for the entire duration 
of the experiment, in tlie icebox at the Blood Transfusion Ceutei'. 

Prothrombin determinations were carried out on those days indicated in 
Tables I and II. For fiin-inogen solution, we used barium plasma prepared from 
the plasma of healthy human beings at the very moment the determinations were 

^om the Laboratory oE Patboloey and E.xperiniental Surgerj'. University of Buenos Aires. 
Beceived for publication, Marcli 26, 1945. 
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carried out. Tims, by dilutin*' the plasma under study with fresii barium 
plasma, we were able to avoid the changes which could be attributed to the 
plasma itself. 

Ill every instance, cultures were j)rei)arcd from the jilasnia a few day.s after 
its separation ; the cultures were invariably negative. 


DISCUSSION 

During the first week we obtained hardly any significant changes in i)ro- 
tliromhiii time* of tiie preserved blood .sami»le.s (see Tables I and II and Figs. 1 
and 3). This finding is in agreement with those of Belk and of Lord and 
Pastovo. Tlic i)X'othrombin eoueentrations found witli our melliod of determina- 
tion arc .shown in Tables I and 11 and in Figs. 1 and 2 ; these, far from con- 
finning a drop in the prothrombin eoncenlration, .show a remarkable increase 
wliich is maintained tbrougliout the finst week. From then onward a gradual 
increase is observed in protlirombin lime and a di-oj) in pi-othi'ombin concentra- 
tion. It is intorc.sting to point out that at the end of five month.s CTablc I), 

Taui.k f. Prothkomiun* Coxck.stu.vtio.v i.v a Bi.uon Svmi>i,k PiiKsEmm 
Dtaaxn Kivn .Mon'ths at 4*’ c 


Sami*i.k I 



m.ool) 

I'I..t.SMA 

b.wa 

riioTmioMui.x time 

(SEC,)* 

riwiTtmoMuis-t 

I'nornKoMBiN time 
(. sik-.) 

riaJTUROMUlN 
(I'KIt CENT) 



lul 

10.0 

101 

1 

10.0 

124 

10.5 

143 


17.3 

210 

IS.O 


S 

18.5 

U8 

21.5 

so 

0 

20.5 

05 

22.5 

104 

13 

2(3.0 

104 

25 5 

105 

19 


1 05 

2(».0 

109 

22 

28,5 

7.'5 

25.5 

— 

»3 

33.0 

3i> 

37.0 

47 

37 

32.5 

34 

41.5 

42 

54 

35.0 

28 

40.5 

30 

loot 

No clotting 
in 2 min. 

30 

No clotting 
in 2 min. 

37 


*0.2 nil. Ccilcluiii'thronibuiilaiilln wus atldcd to a 0.1 ml of pljis>nuv to iloterniine the 
prothrombin time. 


tProthrombln concentration was ilctcrmlned nccordin? to tlie technique of Tanturi and 
oanfl, with three nlastna dilutions. 


Table II. PijoTintOMoix CoxrKXTitATioN of Biood axi» Plasma Preseuveb at 4° C. 


SAMrLE.S 1 AND 2 



.SAMPLE 2 

SAMPLE 3 



DLOOU 

1 

LASMA 

]»LASMA 

PAYS 

I’ROTJiROM 

PBOTlIROM- 

PROTJIROM 

PROTltROM- 

PROTHROM- 

PROTHROM- 


PlX TIME 


DIN TIME 

BIN 

PIN 'I’lME 


- 

(SFC.) 

(PEU < 'EXT) 

(SKC.) 

(per ( ENT) 

(srr.) 

(PCRI’EXT) 

— 

18.5 

113 

18.5 

113 

19.5 

102 

1 

19.0 

140 

19.0 

130 

19.0 

128 

2 

18.0 

180 

19.5 

190 

20 0 

175 

3 

20.0 

238 

17.5 

180 

19.5 

206 

4 

21.5 

140 

21.0 

120 

21.0 

143 

0 

23.0 

133 

20.5 

103 

27.0 

127 

7 

24.0 

107 

23.0 

102 

2.3.0 

111 

8 

27.0 

109 

:io.o 

93 

28 0 

99 


Quick’ 

rnlriea 

secondsTlii 
eirT2 ^ plasma.- Our 
j-iror, since an exoerin 
in the figures ?f .. 


the prothrombin time in normal blood Is not similar to 
’ ' ’iffeient manner. Quick deter- 

time (Quick’s normal is from 
■ out with different dilutions of 

ire may lead to considerable 
. ling gives rise to great varia- 
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Fig. 2 — Protlironibin %’ariations in blood sample 2. stored for eight days at V C. 
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Fig. 3 . Protlirombin time variations in Wood sample 2. 
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tlie plaiina, althougli still eontaiiiiii" 30 per cent of prothrombin, does not clot 
if thromboplastin and ealciinn are added. We attrilnite this noncoagiilability 
of tlie plasma to an alteration or <HsappearaiK'e of the fibrinogen, since tlirough- 
out the entire experiment we liave observed liie appearance of precipitates or 
filaments wliich wc believe to be fibrin. 

A comparative study of Tables I and II and Kigs. 1, 2, and 3 shows that 
protiu'ombiii time is not correspondingly shortened to the largest prothrombin 
concentx-atiou found when determinations are carried out with jilasma dilutions, 
especially during the fii'st tliree days of stoiiige. The disiiarity in the figures 
is explained by the fact that iirothromliin eoneentration does not vary in ac- 
cordance with the clotting time of undiluied plasma when tliromboplastin-ealcium 
is added (jirotlirombin time). This is due to the fact that even tiie smallest 
experimental differenee in the timing gives riM‘ to larg<* difi'erence in the pro- 
thrombin concentration figures. Tins is more marked with concentration above 
100 per cent. Jii fact, using our e(|uation tconsfant for a given thromboplastin, 
at pre.sent y = 0,57 x -9.92) we ean ealeulate tlie iirothrombin times whicJi 
uould correspond to prothroniliin eoiieenlration above 100 per cent; thus the 
prothrombin time corre.sponding to a plasma with a 100 per cent prothrombin 
coiieentratioii is 19.1 seconds, while that corresponding to 300 per cent is IS 
seconds. In previous papers*' we have jiointed out this source of error and have 
emphasized the need for earr ying out determinations with dilutions of each 
plasma. 

The increa.so found by u.s in prothrombin concentration during the firet 
few days, or its greate.st activity, cannot be attributed to modifications in the 
fibrinogen with which the thrombin reacts, because the diluting plasma (plasma 
treated with barium sulfate) wa.s prepared each day with fresh normal plasma. 

Quick*^ ob.sorved that prothrombin time increa.ses between the fifth and 
ninth day of .storage of oxaluted pla.sma. He maintains that if this stored plasma 
is diluted with frcsli alumina phisnui or with plasma of a dog fed dieumarol, 
the prothrombin, time tluis obtuiued becomes shorter. Quick explains the pre- 
vioasly mentioned differences by suggesting that ])rothrombin consists of two 
Victors, A and B. Of these two components, A is destroyed during storage, while 
adsox’bcd by the aluminum, decreases in the plasma of dieumarol fed animals. 
^Vlien alumina plasma or dieumarol ])la.sma is added to preserved plasma, the 
complex AB is re-established and the prothrombin time becomes shorter. 

Quick ha.s asked us if it would be possible to explain our results in accord- 
ance with his theory of prothrombin constitution (A and B components). To 
Ihi-s effect we carried out a cross experiment (see Table IIIl. The pla.sma of two 
subjects was .studied, Iilood being drawn with a forty-cight-hour inter- 
''al in each ea.se. Witli the .samples obtained on both day.s, diluting plasma was 
prepared and determinations were performed. zVecording to Quick’s Iiypothesis, 


Table III. Study or the Pl.\sji.\ and Diluting Plasma Preserved for Forty-Eight 
Hours at 4* C. 


DA 

J’LASMA 

1 

TE 

PLASMA 

1 2 

TUDE 

4S-nouR . 
PLASMA 1 

FEESII 

Pt.ASMA 

48-iioUR , 

UARIUM 

PLASMA 

KRESn 
DARIUM 
PLASMA ' 

PROTJIl 
fPEP. 
PLASMA , 
1 

flOMBIN 

CENT) 

PLASMA 

8/20 

18-IX 

1 




X 


90 






X 


106 1 

69 







X 

J57 1 

212 






X 


151 

109 

8A8 

16-IX 

4b 


lasnia was also determined at same 






moment of extraction and the findings 



— _ 
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1 

109 

103 
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Tube 3 containing preserved plasma should have lost factor A and the addition 
of fresh plasma should have restored prothrombin to its normal constitution 
(AB complex). If Quick is right and the increase of prothrombin concentration 
is due to the addition of faetor A, present in fresh diluting plasma and absent 
in stored plasma, we should never have been able to obtain the high prothrombin 
concentration found in our experiment; at the most, we should have had a con- 
centration similar to that of fresh plasma. 

We have already stated that prothrombin time does not vary in accordance 
with the prothrombin concentration (Tables I and II) and that this apparent con- 
tradiction during the first three days of storage could be attributed to an ex- 
perimental error in the timing. We observe that after the fourth day pro- 
thrombin time increases gradually. This Avould mean a corresponding decrease 
of the prothrombin concentration. However, such is not the case. This dis- 
cordance is possiblj’^ attributable to the formation of an antithrombin in stored 
plasma, as can be seen in the subsequent experiment utilizing plasma of the 
same subject. 


Table IV. THROAfBiN TntE in Fresh and Stored Plasjia 

Fresli plasma 0.3 c.c. + Thrombin’* 0.1 c.c. = 22 to 24 sec. 

Stored plasma (5 days) 0.3 c.c. + Thrombin 0.1 c.c. = 43 to 44 sec. 

•Thrombin prenared after Easle“ in a 1/10 dilution. 

We have also met the influence of this antithrombin when determining the 
thrombin time in plasma 2 of Table III. The fresh barium plasma showed a 
thrombin time of 22 seconds, while in stored barium plasma the time was 32 sec- 
onds. These results would appear to explain the differences found in the pro- 
thrombin concentration of fresh and stored diluting barium plasma. 

The antithrombin action becomes less important when the stored plasma 
is diluted with fresh barium plasma ; this explains the apparent disparity found 
between prothrombin time and concentration during storage. 

The results of the foregoing experiments lead us to suggest that the increase 
of prothrombin concentration is not due to substances contained in the fresli 
diluting plasma. 

So far, no investigator has pointed out tlie increase found during the first 
few days in the prothrombin concentration of stored blood and plasma. Per- 
haps this increase eoi’responds to a greater activity of the pre-existing prothrom- 
bin, which, under the conditions of our technique, becomes manifest as a greater 
concentration. 

Crosbie and his co-workers,- using Howell’s method through recalcification, 
found a shortening of the clotting time of blood during the first few days of 
storage. • At the same time they were able to observe a rapid decrease in the num- 
ber of platelets during the firat few days. It is interesting to point out a co- 
incidence in the shortening of the clotting time, a decrease of the number of 
platelets in the first few days of blood preservation (Crosbie), and an increase 
in prothrombin concentration found by us during the same period. It is possible 
that the reduction in the number of platelets results in the liberation of thrombo- 
plastin. The latter would render more sensitive the existing prothrombin, thus 
allowing a more rapid formation of thrombin at the moment of recalcification. 
This hypothesis should be the subject of further studies. 

CONCLUSIONS 

1. During the first three days, the prothrombin time of preserved plasma 
and blood undergoes slight variations. From then onward the time gradually 
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and conliimously ineroases until llic plasma, iu spile of tlic addition of tlirombo- 
plastiii and oaleiiim, Ijeeomcs noiicongulable. Tliis final noncoaKnlability is not 
due to an absence of pfotliromliin. 

2. The pi'Otbvonibin concentration, as dctcnnincd by our tccimifiue, gradu- 
ally increases and reaches its “maximinn” at the cud of tlireo days, when it 
doubles its original value; later on it gradually' decreases, and by the end of 
five nionlbs it reaches a 110 Jier cent concentration. A hypotliesis is put fonvard 
that tliis increase in concentration registered in the first few days is due to pro- 
Ihrorohiu “sensitization.” 

3. jVftcr a certain perioil, transfusion of preserved blood or preserved 
plasma will not correct a prothrombin deficiency. 
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THE ISOLATION OP HEMOLYTIC STREPTOCOCCI 
PROM THROAT SWABS 

II. The Efficiency op Human and Rabbit Blood in Streaked 
AND Streaked-Poured Plates 

Robert M. Pike, Ph.D. 

Dallas, Texas 

With the Technical Assistance of Helen Leonard, A.B. 

A lthough niimerous observations have been made concerning the appear- 
ance of streptococcus colonies on various kinds of media, comparative data 
showing the relative value of different methods in the isolation of beta hemolytic 
streptococci from throat swabs are notably lacking. It has recentl 3 >- been 
shown^’ - that the detection of small numbers of hemolytic streptococci is 
faeiliated bj' the preliminary incubation of throat swabs in an enrichment brotli 
containing sodium azide and crystal violet. Two questions arose for which we 
were unable to find satisfactory answere in the literature. First, whether the 
number of hemolytic streptococcus isolations is materially affected by the kind 
of blood used, and second, whether plates which are inoculated in a manner 
to give deep colonies are more likely to be positive than those with surface 
inoculations. 

The recognition of hemolytic streptococcus colonies depends largely upon 
observing the changes which they produce in the blood agar used for isolation. 
Following the demonstration of hemolysis by streptococci in rabbit blood agar 
bj'' Mamorek^ in 1902 and in human blood agar by Schottmilller^ in 1903, it 
was shown that the erythrocytes of a number of different species were susceptible 
to hemolysis. Smith and Brown,^ although not the first to use hoise blood, based 
their description of alpha, beta, and gamma tj^pes on the appearance of colonies 
in horse blood agar. Consequentljq 1101*86 blood has been considered as standard 
in many laboratories. Horse, human, or rabbit blood was recommended by 
Holman and co-workers,” who stated that the sharpest results wore probably 
obtained with horse blood. GilberU reported that horse and human blood were 
equally satisfactorj^ but rabbit and sheep blood were found less suitable. Several 
•strains from septic sore throat were hemolytic on sheep blood under anaerobic 
conditions onlj*. Coffey® specifies either horse or human blood, while Schaub and 
Polej'” state that rabbit, sheep, human or other blood may be used with little 
or no variation in tlie appearance of streptococcus colonies. 

Beckepo was one of the first to observe that strains of streptococci might 
be hemolytic on one kind of blood and not on others. Two strains which were 
apparentlj' Streptococczis pyogenes were hemolytic on rabbit blood, but not on 
sheep or horse blood. A third strain hemolyzed horse and sheep cells but not 
goat, I'abbit, or human cells. Smillie” called attention to the different types of 
hemolj^sis produced on the blood of different animals and stated that dog and 
guiiiea pig blood were not satisfactorj*. Browid- compared several strains of 
beU hemolytic streptococci in horse, human, and rabbit blood agar and found 

From the Department of Bacteriology and Immunology, Southwestern Medical College. 
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.SOLA-HOX OK .IKMO,.VT.C KKOM TOKOAT .SU-ABH 

I™: "t 

used tiuit eertaiii ati-aiiis Ke.semldcd the hel'i (vn'’"’‘ "poii tlie ki.id of blood 
on anothei-. Seveml strains It oV. ' ' "* 

-not sheep blood n«d 011.0^,1.^ r’" '""'nn. blood but 

recently nepoftod by Trant and .lohnso.l: nl:,',': T 

organisms identified serolo-ieally. instances were the 

inhilSiirtill^fo;';;;; n'n ^-ause of its 

nin... blood 

ir' * 

yt sL:r"^ o'- in i-lnlin^ 

soinU^f 1 i'liniy laboratories do not have access to a 

-luantities arf,^ 1 n‘"•|'^'■‘‘ obtainable, but when large 

Hi ra b o„ ^ ''""’‘■"■'■‘H 'iii’o consuming, 

ill la£tolr^ ■"""'‘iii-. Pni-ticnlarb- 

Wood banks nn "'^^'1°''^ • i " r* ‘ "'n increasing prevalence of 

for -irimt’ •'’ '‘“•'‘'>"“'•'1 fic'liiently have on hand sterile human blood which 
‘ IS KMioiis c'Uiinot bo used for transfusions. 

conveniLt^^t'***? advantage of using poured i)talcs in preference to tiic more 
viiicim- evi.f i«»'idion of liemolytie streptococci lacks con- 

plates "ill ciiU*'*- inid Valentine'' eominircd poured and streaked 

licmolvsis “'"’f /'"= ‘''•■““is of ten individuals and coneluded tlmt typical 
standard m u’ ‘““•fnec-sfreaked plates. Tlio necessity of a 

streaked sU Becker,'" who suggested human blood-agar- 

both surfse nnsoeiatc.s“ indicated H.e desirability of observing 

fieient f ' ° ' • ‘'‘'*n"i‘in l"‘l Ihouglit that surface ijioculatioii was suf- 

'alue th^ Pni’pose.s. Brown'" showed that deep colonies are of more 

The vili, ** colonies in distinguishing licta, aijilia, and alplia prime tj-pes. 

denionst,.!!. 1 distiiiguisliing serologic Cfroups A, B, and C Avas 

heniolvs' 1 Hants and Jewell,'" Avho ncre able to correlate type of beta 
observed'* Si'onp provided deep colonies were observed. Fry" 

surface strains of Group A strcjitoeocci wliicli formed nonliemolytic 

surfac when grown aerobicall.v, but deep colonies in aerobic jdates or 

^c CO omes on anaerobic plates .showed t.vpical beta licmol.A’sis. 

Ibe isohf- '*"‘1 ®*-‘®*'* ‘■‘-■comnieiided the use of poured rabbit blood plates for 
port the '‘''"ule beta iiemol.vtic streptococci but presented no data to sup- 

iised by p‘^''™'™ondation. Botli .surface and poured plates witli horse blood were 
"^Ithouel iliHnring a series of 345 e.vciscd tonsils and 298 throat swabs. 

straim "’cre not given, it Avas stated that 88 per cent of Group 

"^ith th'* tnnsils “Avere as readily isolated on surface as in poured plates.” 
more bA-Tl*"^ S"’abs Eantz found that the number of isolations Avas influenced 
and concl T 1 " *‘^Winician tliaii by the method of preparing the plates 

as poured" I *'*''*^ slHUfully prepared surface plates AA'ere nearly as satisfactory 
plates i ^ ''**^**' and co-Avorkers"" employed both streaked and poured 

Poured "l hundred throat and sputum cultures but discontinued file 

licmoh'f^ because tlieir use “did not increase significantly the groAvth of 
1C streptococci of the beta type.” No data Avere giA’en. 



520 


PIKE AND LEONARD 


The usual objection to the use of poured plates is that they are time con- 
siuning and inconvenient^''’ -® Unless several dilutions of the material to be cul- 
tured are plated, there is always a risk of obtaining too many colonies for best 
differentiation. The necessity for pouring the plates individually at the time of 
inoculation is a distinct disadvantage. The fii’st of these objections to poured 
plates is eliminated by the use of “double poured” plates as described by Perry 
and Petran.''^ In this method, thin agar plates are streaked in the usual manner 
and then a layer of blood agar is poured over the inoculated surface. Coffey® 
included these streaked-poui’ed plates as an alternative to poured or streaked 
plates but stated that further data will be required to select the most practical 
method. Streaked-poured plates were tried by Rantz,^“ who found them to be 
satisfactory substitutes for poured plates. 

It has been clearly demonstrated that the types of streptococci with refer- 
ence to hemolysis can be more accurately recognized if deep rather than surface 
colonies are examined. It seems less certain, however, that plates prepared in 
a manner to produce deep colonies result in a greater number of hemolytic 
streptococcus isolations. 

The data presented in this report provide a statistical comparison of plates 
prepared with rabbit and human blood and of streaked and streaked-poured 
plates with regard to their relative efficiency in demonstrating hemolytic strepto- 
cocci on throat swabs from well children. 

METHODS 

Fresh beef heart infusion agar containing 1 per cent tryptose and adjusted 
to pH 7.6 before autoclaving was used thx’oughout. For streaked plates blood 
was added in a concentration of 5 per cent. Rabbit blood was obtained by heart 
puncture and defibrinated by shaking with glass beads. It was stored in the 
refrigerator and usually was used within one week. Citrated human blood, 
discarded by neighboring blood banks because of positive serologic tests for 
syphilis, obtained in 500 c.c. amounts, was dispensed in 10 c.e. bottles and stored 
in the refrigerator for as long as six weeks. The amount of hemolysis which 
occurred in this time was not sufficient to alter the appearance of the blood 
agar or to interfere with the detection of hemolytic colonies. 

In the preparation of streaked-poured plates, about 15 c.c. of beef heart 
infusion agar without blood Avere poured into each plate. These plates Avere 
stored in the refrigerator and Avere inoculated in the same manner as the streaked 
plates. Then 10 c.c. of melted agar containing 10 per cent blood Avere poured 
over the inoculated surface. In pouring this layer of blood agar, care Avas taken 
to disturb the inoculum as little as possible. Sometimes it Avas necessary to 
tilt the plate slightly in order to cover the bottom layer completely. A fcAV 
surface colonies Avere desired and Avere alAA'ays obtained, but too much mixing of 
the inoculum Avith the layer of blood agar made the colonies more difficult to 
fish. Best results Avere obtained Avhen agar plates Avere prepared far enough 
in advance of inoculation so that the surface of the agar Avas dry. Experiments 
shoAved that using 5 per cent blood in both layers of agar made the plates too 
dense to read easily. Blood in the top layer only, in 5 per cent concentration, 
resulted in plates too light in color. 

All plates Avere inoculated from overnight broth cultures of throat swabs 
prepared in the manner previously described.^ Various Avays of streaking plates 
Avere tried because the importance of obtaining an adequate sample of the bioth 
culture Avithout obscuring the results by overcroAvded colonies Avas realized. 
In our hands the following method gave the desired result most consistently. 
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A siraiglit needle wiu dipped into the well-mixed broth cultnre and streaked 
from fifteen to twenty times over about one-third of the plate. Tiic plate was 
then tiii'iied UO decrees and .streakin'; contiimed at ri^dit angles to the first, 
again o\er one-third of the jilate. The i)Iate w;ls turned again and the procedure 
repeated. Growth was rarely too heavy on the hast scetion of the plate to be 
streaked. 

Plates were examined after twenty-four to twenty-six hours’ incubation at 
35 to 36 ° C. Ifemolytie colonies were fished to sections of rabbit blood agar 
plates. jUtor incubation these subcultures were examined by inspection and 
Gram stain. Those resembling hemolytic streptococci were transferred to broth 
for coufinnalion by serologic grouiiing. Only one colony was fished from each 
plate unless the gross ap|)carance suggested that more tlian one kind of hemolytic 
was i)rcsent. 


ItESULTS 

Compansou of Human and Rahhit Blood ui Slrenhcd Brotli eul- 

tufcs of 199 throat swabs were streaked on botli rabbit and human blood plates. 
The re.suUs are sliown in Table I. 


TauI.E I. COMV.NHISON 0 >' KauUIT ANU HuMAN" }tLO<)l) Pl.ATES StJ{KAK£D F{: 05 I BkOTII CULTrBES 
or Ilia Tiiboat Suaus 



I UI.001) J'I,ATR.S 

iJirr, s.i). 

% viw. ^ 

lUUUlT 
•NO. % 

JIUII.VS 

HO. % 

lieiijoi^tic blraptococci 

9roup X 

Hemolytic stroi»tococci inis>cd 
moup A streptococci uihscd 
a. ni,mo\yt\cus present 
ougpected colonies present 
ijaconfirraetl colonies present 
eochnncii nonliemolvtic colonies 

GO , 

l‘G lli.l 

Hi 8.0 

1 12 G.O 

! 10 5,0 

\ Ho 42.7 

' 21 lO.G 

8 -1.0 

SI 40.7 
:\s 19.1 I 
1 0.5 

0 0 

0 0 

318 59.3 

37 38.0 

1 2 1.0 



Hemolytic streptococci of Groups A to G were isolated from oighty-one of 
le human blood plates and from sixty-si.\ of the rabbit blood plates. Group A 
loptococci were obtained from twciity-si.x of the I’abbit blood plates and from 
'uty-eight of the human blood plates. TJic difference in both ca.ses is Avitliin the 
of sampling error (P = 0,11). The rabbit blood plates, however, failed 

0 show hemolytic streptococci sixteen times when Jiuman blood plates from the 
f^nie swabs were positive. Only once did tlio Jmman blood plates fail when the 
^ hit blood plates Avere successful. Kabbit blood plates failed to isolate Group 

twelve times or nearly one-third of all the A .strains isolated, 
cse comparisons of the tAvo kinds of plates AA'ith respect to failures sIioav 

1 erenccs Avhicli are statistically significant (P = 0.0001 and 0.001). 

Tile reason for rabbit blood plate failures is probably not that rabbit blood 
Provides a less favorable medium than human blood. All strains gi’CAV readily 
op rabbit blood after* isolation. The more likely explanation is .that better 
opAolysis on Imman blood made the hemolytic streirtococcus colonies easier to 
^oeognize. On eight of the rabbit blood plates, nonhemolytic colonies, subse- 
Tiently identified serologically, were fished because of their morphology. Only 
"0 of the human blood plates showed such colonies. Both these strains belonged 
w Group B. 

The greater amount of hemolysis on human blood is further reflected in the 
tliat su.spected colonies wiiich were not eonflrnied as hemolytic strepto- 
fished from thirty-seven of the human blood plates. Unconfirmed 
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fishings were made from only twenty-ojie of the rabbit blood plates and these 
included ten plates which showed H. hemolyticus. Even when these ten plates 
are included, the difference between unconfirmed fishings from rabl^it and human 
blood plates is unlikely to have arisen from chance (P •-= 0.016). 

Two factors which might have contributed to the difference in the results of 
using rabbit and human blood were (1) that the rabbit blood was defibrinated, 
while the human blood was prevented from clotting by the addition of sodium 
citrate, and (2) that the rabbit blood was always added to the medium within 
a few days after bleeding, whei'eas the human blood, Ijeing obtained in larger 
cpiantities, was stored for several weeks before being used. In order to control 
these factors, samples of human and rabbit blood were obtained, sodium citrate 
in a concentration of 1 per cent was added to a portion of each sample, and the 
remainder of each sample was defibrinated. Blood plates poured the same day 
the blood was obtained were sti’eaked with ]>ure cultures of several strains of 
hemolytic streptococci. After twenty-four hours’ incubation, plates prepared 
with citrated blood were indistinguishable from those containing defibrinated 
blood of the same species. Hemolysis was definitely more marked on human 
thaii on rabbit blood agar. 

Another difference in the appearance of Group A hemolytic streptococcus 
cultures on rabbit and human blood agar was repeatedly found in the mor- 
phology of the colonies. Cultures which formed flat, matt colonies on rabbit 
blood agar tended to be convex and glossy on human blood. 

The broth containing a 1 :15,000 concentration of sodium azide used for 
preliminary culture of the swabs did not completely inhibit H. hemolyticus. 
Since we have found H. hemolyticus in 41 per cent of swabs from a similar group 
of children cultured directly on rabbit blood agar,“ the 5 per cent incidence 
here (Table I) represents a considerable reduction. Human blood “ as well as 
the blood of certain animals'^ is somewhat inhibitory for organisms of the 
hemophilus group. 

Rabbit blood plates failed most often when few hemolytic streptococci were 
present. The average number of hemolytic streptococcus colonies on the human 
blood plates from swabs which were negative on rabbit blood was eleven in 
comparison to an avefag-e of twenty-six on the same kind of plates from speci- 
mens which were positive on both rabbit and human blood. 

Comparison of Streaked and Streaked-Poured Plates. — Streaked and 
streaked-poured plates were compared on 159 throat swabs (Table II). There 
was rro significant difference between the two kinds of plates with respect to the 
total number of hemolytic streptococci isolated or the number which belonged to' 
Group A. Six of the streaked plates were negative when the streaked-poured 


Table II. Comparison of Streaked and Strf-aked-Poured Hujian Blood Plates Frosi 
Broth Cultures of 159 Throat Swabs 



blood P1.ATES 1 

DIPF. S.D. p 

% DIPF. 

STREAKED 

NO. % 

STREAKED- 

POURED 

NO. % 

Hemolytiu streptococci isolated 

Group A • 

Hemolytic streptococci missed 

Group A streptococci missed 

Suspected colonies present 

Unconfirmed colonies present 

Average number of fishable colonies 
on positive plates 



2.5 5.5 >0.5 

0.0 4.2 >0.5 

2.5 l.S 0.16 

0.7 

3.1 5.0 >0.5 

0.6 
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plates were i>ositive, ivhiJe only tiro ot the latter aiissoc? ticmoJytic streptococci 
which tlie former delectetl, but tlii-i iliflVreiiee is probably not significant (P 
0.16). Essentially the same number of each kind of plates showed suspected 
colonies which could not be confirmed after isolation. 

Tile average numher of isolated colonie.s thougiit to l)c fishablc on the posi- 
tive streaked plates was nine a.s eompaivd with eleven in the streaked-poured 
plates. The latter figure was ba.sed on deep colonie.s only and docs not take 
into account the surface colonie.s that were freipieiitly present. Even when 
both deep and surface suspected colonies were prc.seiit, tlic forniciMvere fi.shed in 
order to determine the praclieability of fi.sliing deep colonie.s. In no case was 
there a failure to get growth in .subculture when deep colonies were fished. 
Neither was tliere an exce.ssive number of imiuire cultures 

As would be expeeted, the streaked-poured i)lalcs sliowi'd larger and clearer 
zones of hemolysis tlian tlie stivaked plaic.s. Altlioiigli tliis difference might 
be an aid in reading the plate-s and in predicting the serologic group, it did 
not, in our experience, materially increase the niimhoj' of streptococcus isola- 
tions. 


T.iflLE III, CoifcA/a.s'o.v or IfAniur Iff.ooe .s'rnr.\K't:a P/are.s With Hi .ir.i.v Bt-oon Srfi&ixEi)' 
PoeriED PL.\Tr.s Fi;«m lii:orii Ccltckcs or 139 Tiiiuut Swabs 


- 


iiMion 

ri..m:s 

mrr. 

‘Tc 

.«? I). 
DiFr. 

p 

u.\umT 

sTi;r-\KEo 

KO. 9c. 

Jir.MAX 

sna:\KEp- 

I'oriiEu 

Xc» % 

iiojuoi.vtic streptococci j.-ol.ated 

31 

::•> 1 

(>(• 41. 3 

0.4 

5.4 

li.09 

Woqi A 

10 

ll.O 

20 JI5.4 

4.5 

8.9 

0.23 

nt'iiiob'tic ftreptococci uiissod 

14 

S.8 


S.8 

2 3 

■iltHIlf 

yioup A streptococci mjj^sed 

7 

4.4 


4.4 

- 

- 

pU'^pcctcd colonIcN present 

04 

40.3 

s:i 32.2 

11.!) 

5.6 

0.04 

tnconfirnicd oolonien present 

i:t 

8.2 

J7 10.7 

2.3 

3.2 


rnsitivo for U. hemolytUus 

s 

5.0 

0 0 

e.n 

- 

- 


Pata on rabbit blood streaked plates are also available for comparison witli 
Ihe hinnaii blood streaked-iiourcd jilalcs (Table HI). Tlie difference ni tlie 
number of plates showing hemolytic sti*eptococci by these two methods is greater 
lhau the difference sliown in Table I. The advantage of the streaked-poured 
plates witli human blood over rabbit blood surface j)latcs with re.spect to total 
^nid Group A streptococci isolated, iiowever, i.s not stati.stically certain. On the 
other hand, no sw*abs were found iJositive by the latter which were missed by the 
former, while rabbit blood streaked plates failed fourteen times when the 
streaked-poured plates were positive. Tliis ditfercnce appears to be liigbly 
Ji'gnificant (P = 0.0001). There was a diflFerenee of only 2.5 per cent in tlie 
kinds of plates wliich showed hemolytic colonies not confimied ‘ Excluding 
tlie eight rabbit blood plates wliich showed //. hcmohjficus, this differenee be- 
eoiiies 7.5 per cent, which is xiz’obably significant (P = 0.007). The increa.sed 
lemelysiy human blood as well as that due to the inx's-enec of deep colonies 

probably contributed to tliis difference. 

DLSCUSSION 

Altliougli our data indicate that human blood plates are slightl.v superior 
to 1‘abbit blood plate.s us far as demonstrating the pre.sence of hemolytic strepto- 
cocci is concerned, tJieie are tJiree poinLs to be considered in connection ivitb the 
of human blood. (1) Cultures on human blood agar showed more suspected 
colonies which were not eonfinued as hemolytic stixjptoeoeei than did the rabbit 
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fishings were made from only twenty-one of the rabbit blood plates and these 
included ten plates which showed jff, hemolyticus. Even when these ten plates 
are included, the difference between uneonfirmed fishings from rabbit and human 
blood plates is unlikely to have arisen from chance (P — 0.016). 

Two factors which might have contributed to the difference in the results of 
using rabbit and human blood were (1) that the rabbit blood was defibrinated, 
while the human blood was prevented from clotting by the addition of sodium 
citrate, and (2) that the rabbit blood was always added to the medium within 
a few days after bleeding, whereas the human blood, being obtained in larger 
quantities, was stored for several weeks before being used. In order to control 
these factors, samples of human and rabbit blood were obtained, sodium citrate 
in a concentration of 1 per cent was added to a portion of each sample, and the 
remainder of each sample was defibrinated. Blood plates poured the same day 
the blood was obtained were sti-eaked with pure cultures of several strains of 
hemolytic streptococci. After twenty-four hours’ incubation, plates prepared 
with citrated blood were indistinguishable from those containing defibrinated 
blood of the same species. Hemolysis was definitely more marked on human 
than on rabbit blood agar. 

Another difference in the appearance of Group A hemolytic streptococcus 
cultures on rabbit and human blood agar was repeatedly found in the mor- 
phology of the colonies. Cultures which formed flat, matt colonies on rabbit 
blood agar tended to be convex and glossy on human blood. 

The broth containing a 1:15,000 concentration of sodium azide used for 
preliminary culture of the swabs did not completely inhibit Jf. hemolyticus. 
Since we have found H. hemolyticus in 41 per cent of swabs from a similar group 
of children cultured directly on rabbit blood agar,“ tlie 5 per cent incidence 
here (Table I) represents a considerable reduction. Human blood “ as well as 
the blood of certain animals'^ is somewhat inhibitory for organisms of the 
hemophilus group. 

Babbit blood plates failed most often when few hemolytic streptococci were 
present. The average number of hemolytic streptococcus colonies on the human 
blood plates from swabs which were negative on rabbit blood was eleven in 
comparison to an average of twenty-six on the same kind of plates from speci- 
mens which were positive on both rabbit and human blood. 

Comparison of Streaked and Streaked-Poured Plates . — Streaked and 
streaked-poured plates were compared on 159 throat swabs (Table II). There 
was no significant difference between the two kinds of plates with respect to the 
total number of hemolytic streptococci isolated or the number which belonged to 
Group A. Six of the streaked plates were negative when the streaked-poured 


Table II. Comparison of Streaked and Streaked-Poored Human Blood PLiWES From 
Broth Cultures of 159 Throat Swars 



blood plates 

DIFP. S.P. p 

% DIFF. 

STREAKED 

XO. % 

streaked- 

poured 

NO. % 

Hemolytic streptococci isolated 

Group A . 

Hemolytic streptococci missed 

Group A streptococci missed 

Suspected colonies present 

Unconfirmed colonies present 

Average number of fishable colonies 
on positive plate.s 


HIQnmgM 

2.0 5.0 >0.5 

0.0 4.2 >0.5 

2.5 l.S 0.10 

0.7 

3.1 5.G >0.5 

0.6 
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CLINICAL SIGNIFICANCE OF SERUM PROTEIN {ALBUMIN AND 

GLOBULIN) CHANGES 

EdWjVkd Muntwyler, Ph.D. 

• Brooklyn, N. Y. 

A S THE result of much work during recent years it has become clear that 
a knowledge of the serum protein level* is of coi{siderable significance in 
the diagnosis and treatment of many medical and surgical conditions. Thus, 
important changes of the serum protein concentration may be encountered in 
Bright’s disease, liver disease, and malnutrition, in conditions associated with 
plasma depletion, including burns, hemorrhage, tissue trauma, peritonitis, and 
intestinal obstruction, and in others. It is little wonder, then, that the clinical 
laboratories are frequently called upon to do serum protein determinations. 

Before discussing certain specific examples of altered senun albumin and 
globulin concentrations encountered clinically, a brief consideration will be 
given to the subject of plasma protein formation and to the physiologic role 
of plasma protein in controlling fluid exchange between the plasma and the 
interetitial fluid compartment. 

METABOLISJI OF PLASMA AND TISSUE PROTEINS 

Normal Range of Varmtion of Serum Proteins. — Although, for practical 
purposes, only the two protein components albumin and globulin are usually 
determined clinically, evidence points to the presence in serum of a number of 
different globulins and probably more than one albumin. As is well Imown, 
globulins can be separated readily from albmnins by precipitation at salt con- 
centrations above a certain point. For -example, in the familiar Howe proce- 
dure' the globulins are precipitated by a 22 per cent sodium sulfate solution. 
Further, when the sodium sulfate is present at concentrations of 13.5, 17.4, and 
21.5 per cent, respectively, three globulin precipitations are realized and these 
have customarily been termed euglobulin, pseudoglobulin I, and pseudoglobulin 
II. The significance of the latter globulin fractionation has been obscured some- 
what by recent electrophoretic studies of serum, -■= which showed that aside 
from albumin, serum normally contains three globulin components; namely, 
a-, j8-, and y-globulin. Although relatively few data are available at present 
concerning the changes of these globulin components in health and disease, there 
would appear to be significant disturbances in their absolute and relative amounts 
in certain diseases exhibiting hyperproteinemia.®> “ 

Prom the findings of several groups of workers'- ® it would appear that in 
normal adults the total serum protein concentration may vary between 6.0 and 
8.0 Gm. per 100 c.e.; albumin, between 3.6 and 5.5 Gm. per 100 c.c.; and 
globulin, between 1.4 and 3.5 Gm. per 100 c.e. The great majority of the figures 
for the total serum protein concentration apparently fall within the narrower 
limits of 6.1 and 7.7 Gm. per 100 c.c.®- ® The ranges of variation of serum 
albumin and globulin depend somewhat upon the method of estimation. Thus, 
Robinson, Price, and Hogden'® found, in studying the determination of the 

From the Department ot Biochemistry, Long Island College of Medicine. 
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albumin nml globulin fractions of blood scrum by the Howe method,* that a 
\ariable amount ol! albumin is adsorbed by the filter paper. It was found, 
further, that within rather wide limits the amount of albumin adsorbed is in- 
ilepeiuleut of the concentration of albumin but is deiiendcnt upon the type and 
quantity of filter pai)er. Such adsorption of albumin causes an error in the 
determination of the albumin concentration. Indirectly, therefore, it also causes 
an error in the globulin figure, since the latter is taken as the difference between 
the total scrum protein concentration and the albumin eoneentration. By em- 
ploying the Ilowe method and introducing the precautions necessary to avoid 
loss of filtrate protein through adsorption on filter paper, Gutman and co-work- 

found the albumin to vaiy between 4.7 and 5.7 (Jm. per 100 c.c. and the 
globulin to vary between 1.3 and 2.5 Gm, per 100 c.c, in thirty-six normal sub- 
jeels. In other words, the range of values for albumin was found to be some- 
wiiat higber and that for globulin to bo soniewliat lower than those u.sually cited. 

It seems well established'* that significantly liigher values for total serum 
piotein and albumin may be encountered in healthy persons, for example, in 
laboratory A\orkci's and students, ratlier than in hospitalized control subjects. 
There is evidence® that at birth the total serum protein concentration and pro- 
tein fractions, especially the globulin, arc lower than tlioso observed in adults. 
However, the various values rise shortly after liirlh so that from 3 to 6 months 
of age®' ** they fall within tlie normal ranges of variation for adults. 

Phisma Protein Formation. — It would appear that the normal organism 
has a considerable reserve capacity for forming new plasma proteins since in 
the absence of infection or disease and in the presence of an adequate protein 
intake, an acute depletion of plasma protein is rather quickly eorreeted. Con- 
clusive information is still lacking ivgardiiig the origin of plasma proteins, 
especially albumin and glolnilin. However, AVhipple and his associates*®'*® and 
others*® have presented evidence that the liver is the site of plasma protein pro- 
duction or, at least, is intimately concerned with plasma protein fabrication. 
The belief that the albumins come from liver seems quite well established. How- 
ever, there still remains sonic doubt in the case of the globulins since, even al- 
though the liver may play an important role in contributing them, there is 
evidence**' *® that the reticulo-cndotlielium and other cells may also be sites of 
Pfigiii of globulins. 

The ability of the normal organism to fabricate new plasma protein has 
fien studied experimentally by determining the plasma protein regeneration 
olJowing protein depletion induced either by plasmapheresis or by the admin- 
istration of a diet very low in protein. The former method of plasma protein 
ppletioii has been employed extensively by ’Wliipple and his co-workers.**-®® 
this method the plasma protein of a dog on a basal diet is reduced and main- 
lniiied by repeated plasmapheresis at a level close to 4 Gm. per 100 c.c. This 
subnormal level of the plasma protein is assumed to act as a constant and maxi- 

stimulus for the production of new protein. The plasma protein production 
js then measured by determining the amount of protein which must he removed 
J plasmapheresis to maintain the plasma pi-otein concentration at the reduced 
^vel. In such experiments it was found that when the plasma protein depletion 
J^as begun, the weekly output of protein was high at fii-st and then gradually 
® to a basal output. However, when the basal diet and otlier factors were 
'^l’t,uinform, the basal output of protein was found to remain relatively con- 
^^ant and such a standardized animal could then be employed to test, the effect 
° ^iet and of other factors on protein regeneration. 
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eonceutration at the time of first observation may be misleading and a false 
security may be placed in a normal concentration. If there has been a simul- 
taneous loss of plasma volume, the loss of total circulating plasma protein may 
be obscured. Consequently, with a correction of dehydration by saline, inti“a- 
venously, the serum protein concentration may fall below the “critical level” 
and edema may result. It is now generally appreciated that in such patients 
fluid replacement entails the use of plasma (or plasma substitutes) as well as 
saline. 


SERUM ALBUMIN AND GLOBULIN CHANGES ENCOUNTERED CLINICALLY 


Renal Disease . — That the serum protein concentration may be found al- 
tered in various types of Bright's disease is well established. In the non- 
hemorrhagic degenerative Bright’s disease or nephrosis the serum protein con- 
centration may be decreased markedly and the deficit is due almost entirely to 
albumin.'”- In extreme cases the plasma albumin concentration may fall 
below 1 6m. per 100 c.c., to be accompanied by marked edema. The tendency 
to edema formation in nephrosis is closely related to the serum protein (albumin) 
concentration and hence its determination is very important clinically. Recent 
attempts^^' to correct the hypoalbuminemia of nephrosis by injections of 
concentrated human blood serum or concentrated human serum albumin have 
yielded results which are not too encouraging, but further careful investigations 
seem warranted. 


Hemorrhagic nephritis or glomerulonephritis may be accompanied by serum 
protein deficits which approach those observed in severe nephrosis. In acute 
glomerulonephritis the serum protein concentration may remain within normal 
limits throughout the illness if the course is mild.”®- Such cases may exhibit 
rather marked edema despite the fact that the serum protein concentration is 
within the normal range of variation. This represents an outstanding example 
of the lack of relationship between the serum protein level and tendency to 
edema and it has been generally held that in acute glomerulonephritis the capil- 
laries are probably injured and abnormally permeable to protein, thereby in- 
creasing the tendency to edema. However, recent observations by Warren and 
Stead”* have left some doubt that this is true. The latter authors examined 
the protein content of edema fluid collected from the subcutaneous tissues of the 
le" and from the sacral region of patients with acute glomerulonephritis. It 
vis found that the values for the total protein content, which varied between 
0 1 and 1 0 Gm. per 100 c.c., did not differ significantly from those obtained on 
the edema fluid of patients with congestive heart failure. The authors expressed 
• that with the evidence at hand, the cause of edema in acute nephritis 
die retention secondary to a disturbance in renal function and not 

u "Itnlt of diffuse capillary damage throughout the body. In any event, vm- 
■ rum protein deficit ensues, the edema is usually only of short duration. 

cases and as the condition is prolonged a serum protein deficit 
I^^^hemOl apjrimin concentration may faU to a level definitely below 

oteui-s , 0, 03 jjj these patients edema is invariably present when 

2.2 6m. per 100 c.c.,”” and the tendency 
until the serum protein rises above the critical level. 

" Glomerulonephritis, the nephrotic type, or chronic active hemoi- 
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'7 "‘a plasma protebi 'f if I",'"."'™' 'a™'- f" seneral, it Jias been found 
'•“'"'"aandniaysll b ' si f “’""'1-'’ "'a" tiie plasma 

faw return of plasin “’’'“’""al at the end of several da.vs. Apparently the 
'"''y'vitbwhicb tnn, 1C , ““"'"■'a" to a lack of fluid in the 

r'faaaly.doesnot mli lin '? 7, ; Pl'yaiologic saline, when given intra- 

Wbewise the even i ^ dilution but leaves the circulation rapidlv.'n si 

‘’'"ra against the 17Z7 P'“™‘' albumin has been taken as evi- 

- • cnee of a resen-e of preformed plasma protein which 
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can enter the hlood stream in the first few minutes after hemorrhage.®" It 
seems more likely that the protein entering the circulation under these circum- 
stances represents protein stored as a part of tissue protein outside the circula- 
tion or that protein building materials are readily available for the fabi'ieation 
of new protein,' Since considerable evidence points to the view that there is a 
continuous traffic of plasma protein leaving and entering the circulation and 
that there is a continuous exchange between the plasma proteins and the tissue 
protein stores, the initial increase of total circulating plasma albumin following 
hemorrhage may be a redistribution of mobile plasma protein. It is of some 
interest in this connection that dogs made hypoproteinemic by diet are capable, 
without intravenous fluids, of restoring the plasma volume to the prehemoiThage 
level and of adding a small amount of plasma albumin to the circulation follow- 
ing a single nonfatal hemorrbage.®" 

Prom experiments in which shock has been produced by graded hemor- 
rhage®®' there appears to be a deficiency in the ability of the organism to 
dilute the blood and to add plasma protein to the circulation. In fact, as evi- 
denced by a rise of the hematocrit, there may be an actual loss of plasma fluid 
and plasma protein from the circulation when shock develops.®" On the other 
hand, there is evidence®’"®" against the existence of an increased permeability 
of the general capillary bed to plasma protein in hemorrhagic shock. The pro- 
gressive decline of the plasma volume in hemorrhagic shock might well he at- 
tributed to a progressive fall in the volume of actively circulating plasma asso- 
ciated with peripheral stagnation.®’"®" 

The intravenous injection of physiologic solution of saline may he effective 
in restoi’ing the blood pressure following mild hemorrhage. It is quite ineffective, 
however, in patients with surgical shock and profuse hemorrhage. Even follow- 
ing nonfatal hemorrhage the injected physiologic solution of saline rapidly leaves 
the circulation” and in shock it may actually aggravate the escape of plasma 
protein from the circulation.®® 

Bums; Following severe burns there is usually a marked negative nitrogen 
balance®""®® which may persist for days. In addition to an increased urinary 
nitrogen output, the nitrogen loss in the exudate from surface burns may rep- 
resent a sizable per cent of the total nitrogen lost from the body.®® An out- 
standing feature of burn shock is the extreme degree of hemoconcentration asso- 
ciated with a diminished plasma volume, attributable to a leakage of plasma from 
the capillaries in the burned area and in the tissue surrounding it. Increased 
capillary permeability appears to exist only in the regions near the burn and 
apparently does not include the capillaries in an area remote from the 
burn.®®’ ®®’ ®®’ ®* The serum protein concentration may show little change but 
is generally reduced. On the other hand, the total amount of circulating plasma 
albumin is always reduced m severe burns. 

Crush Injuries: The release of compression, due to fallen beams, masonry, 
or debris pressing heavily rxpon some part of the body, usually an extremity, 
has been found to be followed in a few days by oliguria which in certain cases 
progresses to anuria and death."®- "" Neither the duration of the compression 
nor the amount of the body involved appears to be directly proportional to the 
ultimate outcome. 

It has become evident that the injury results in degeneration and necrosis 
of the muscle. Apparently as the result of tissue trauma there is an altered 
permeability of the capillaries and plasmalike fluid escapes into the injured 
area. The loss of plasma volume leads to hemoconcentration and fall of blood 
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lirc.ssui' 0 . Tlic seniiu i)i-oleiiis 111 : 13 - be iiicroascd at fust and tlieii" return to 
normal. Iii some ca,ses the .serum proteins become reduced, particularly folloiv- 
nig the admuiistrat.ou of erv.stalloid .solutio.i.s, and in the latter instance there 
may be widespread edema. 

Although the eireulatory effeet.s of crush injuries are understandahle the 
more iniportaut se<iuela of this type of trauma, renal failure (“crushed syn- 
drome ), IS more difficult to interpret. When oliguria occurs, tl.o urine is 
ronnish m color and comiilete .suppression of urine ultimately su|iervencs. 

. pparently various products from the ncerotie muscle [myohcmoghihm (nivo- 
hematm), potassium, phosphate, and possibly other suhstauees] csoai.e into the 
circulation when it is re-established locally following the iclc.isc .jf cmpiession. 
the release of such products iimy contrihiite to the severe renal imp.mment with 

death m uremia which folloiis in about 6 C per cent of the paiients 

Pmtomiii and lutcstiual Oh.itruc/foii.- Clinical and exiierune.-it.il .studios’-” 
laic demonstrated that iu spreading peritonitis and intestinal oh-tr ictmn h 3 -po- 

I 0 eiiiemia affecting priinavily the nlbuniiii fraction is of iVeqi’tiii ocfurrencc. 

II lot i of tliese conditions there is u loxs of (hiid oontaining protiMj) in the 
walls of the intestine.s and tiic peritoneal cavity. Tliere is. tJioivfore, ii ch ereaso 

0 P asma volume which may he detected hy an increase of tiic licmatiK rit. In 
manj \\a,\s the patliogenesis is similar to that presented liy severe burns 

the A numlier of ycai-s ago Wu'”" noted tiuit in kala-azav 

otal scrum protein eoneentration may be increased to 0 to JO dm per 100 
alh * iiicrense was found to he duo to a rise of the globulbi fraction, the 
otlicr liand, being definitely redueid. With sulwquenf a'^cumu- 
Tir r* ° seems ])ermis.sibtc to draw the genei-alization th.it whereas Jiypo- 

0 einemia is due ciiielly to a deficiency of albumin, hyperproteinemi.i is due to 
increase of the globulin fraction. Kagan,”* reporting observations carried 
^ scries of ca.scs, witii .special attention to the incidence of hyper- 
inv concluded tiiat hyiicrglobulincmia appeals principally in diseases 

in d marrow', chronic infections, diseases involving the liver, and 

in ^ A nunilior of authors have reported tiie serum globulin to be 

1 creased significantly iu patients with multiple myeloma, chronic 
sareo'd'^o^ various origins,®* ®' ”* lymphogranuloma inguinale/®^* Boeck’s 

01 , . 105 cirrhosis of tlie liver.®* In acute dehydration the serum 
tions^^b becomes increased, both tJic albumin and globulin frac- 

kvcl ■ effected. Not infrequently, however, the increased serum protein 
l”^^*^^^ydration is due to increased globulin, the albumin concentration be- 
o wit in the normal range of variation or even reduced.^® 
sera^f work appears desirable, recent electrophoretic studies of 

eorr 1 P^l-icnts exliibiting hyperproteinemia are of interest. Attempts to 
lerin’ ^ ^ serum electroplioresis findings witli protein concentrations as de- 
bonat*"^ salting-out technique of Howe* have raised doubt that the frac- 

Jivisio^” serum based upon solubility in salt solutions represents a clear-cut 
lo iiormal liuman serum® the electrophoretic pattern was found 

(aft^ unchanged after precipitation in 13.5 per cent sodium sulfate 
of ^ I'emoval of euglolmlin). About one-half of the gamma, one-fourth 
Preci h none of tlie alplia components were found to be removed by 

^uliu^T sodium sulfate (after euglobulin and pseudoglo- 

and removed. All of the gamma, about three-fourtlis of the beta, 

alpha components w'ere found to be removed by preeipi- 
1.5 per cent sodium sulfate (after everything except the albumin had 
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supposedly been removed). In other words, a considerable amount of the a- 
and /3-globulins were found to have remained with the albumin. Longsworth, 
Shedlovsky, and Maclnnes^ observed the electrophoretic patterns of sera from 
patients showing a variety of pathologic conditions, with fever in common, and 
all showed an increased a-globulin content. In patients with portal cirrhosis 
the and y-globulins were found to be increased® and the y-globulin strik- 
ingly so when ascites was present. Gutman and co-workers® carried out serum 
protein studies by the Howe method in thirty-eight patients with multiple 
mjmloma and electrophoretic analyses in ten patients. As the result of these 
studies the authors concluded that most myelomatous sera fall into one of the 
following three classifications; (1) sera with hyperglobulinemia due to an 
increase chiefly in the Howe euglobulin fraction, partly to an increase of the 
pseudoglobulin I fraction and, exhibiting electrophoreticallj’’ an increase in the 
gamma components; (2) sera with or without hyperglobulinemia giving a variety 
of anomalous patterns by the Howe or electrophoretic methods, for the most part 
due to Bence-Jones proteinemia; and, (3) sera of apparently normal composi- 
tion with respect to serum proteins. 

SUMMARY 

From evidence which is now available it would appear that the normal 
organism has a marked capacity to synthesize plasma proteins under condi- 
tions of stress. The “building blocks” for plasma protein fabrication may be 
supplied as free amino acids, hydrolyzed protein, of plasma either directly by 
vein or orally. For maintenance of niti'ogen balance, however, it is necessary 
to supply in optimal amounts all of the essential amino acids. Infection and 
intoxication appear to retard plasma protein regeneration. 

There is much to support the view that the plasma proteins are in a con- 
tinuous traffle, leaving and entering the circulatioir and undergoing a continuous 
excliange with the tissue proteins. During periods of restricted or inadequate 
protein intake, the excess nitrogen lost from the body is contributed both by 
the plasma proteins and tissue proteins; the ratio of the loss of plasma albumin 
to tissue protein is approximatelj' 1 to 25 or 30. With the resumption of an 
adequate protein intake, plasma albumin and tissue protein are restored in ap- 
proximately the same ratio. This emphasizes the practical point that in patients 
with serious protein depletion, primarily due to malnutrition, the correction to 
normal may require the administration of large amounts of protein and a con- 
siderable period of time may be necessary. 

Under normal conditions the escape of plasma protein (albumin) from the 
circulation is sufficiently restricted so that it can carry out its important function 
of sustaining the plasma volume. In “shocklike” conditions (including burns, 
crushing injuries, peritonitis, and po.ssibly severe liemorrhage) the integrity of 
the membrane becomes disturbed. This results in a loss of protein and fluid 
from the plasma, which may lead to serious consecqienees. 

Significant disturbances of the serum protein concentration may be fre- 
quently encountered clinically. It seems permi-ssible to draw the generalization 
that whereas hypoproteinemia can be attributed chiefly to a defieiencj^ of al- 
bumin, hyperproteinemia is due to an increase of the globulin fraction. Hypo- 
proteinemia may be encountered, for example, in Bright’s disease, malnutrition 
associated with various conditions, liver disease, and various conditions asso- 
ciated with plasma protein loss. It would appear that hyperproteinemia is not 
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su VHK as was oiu*0 bolievod. IlyiK-Tprotciiiemia (liypoi-Iohiilinemia) may be 
encounic'ix'd indiK-ipally in diseases involvinjj flie bone marrow, eiiroiiic infections, 
ilistvises involving; the Hvor, and iu dehydration. 
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LABORATORY METHODS 


MOniKlCATION OF TIIF UA.'\IILTON OPTI(\\l> ^lAXO^IKTfiR 

Cai*taix D. II. Caiioon, I’ArrAiN* U. F. UrsuMi.u. \m> 
Coloxkl (\ K. Kos*^m vvv 
Mi:i>ical Co}ti‘.s, Aumy ok thi: I'nitko Sr\r{- 


T he ijiotallic inombrjmL' inanomeler, oHjrinally liy JJannltnn. Bceu-er, 

ami Bi’Otman/ was, in several respevls, unsaHsi'aetory lor lln- work t(i be 
Jone in the Hoseareh Section of tlic School of Aviation M«‘(licjn<‘ 

1. Atljiistinent by set screws was time eonsutiiine an I lltr MNpension 
fim a horizontal bar rendered the instrument vnlneralih' to CA(fane^nl^ vibra- 
tions. 

2. Sensitivity was so limited that (lie hmve optical ann made o[iejali<)ji of 
the iii.strunieiit in a liinifed space comiiHeated and awkward 


3. The assembly was compo^ed of three units: a source ol' liuiif, a camera, 
and a bank of manometers, caeli individually inounied and snmewliat difficult 
to alian. 

4. Tlie source of liulit consisted of a 500*watt. mono]*lane. lil.nnenl jirojeo- 


tioii lamp enclosed in a tenduch, cubical brass box with an ad instable slit foi 
casting the beam of liglit on tlie miiToi-s. Tins arranfiement was found to be 
UiLsatisfactory Ijceuusc of the excessive beat fienerated and because of Ihc leak- 
of lijrlit from vents in the l>ox. Incorporation of a fan and motor Idower 


■'va.s unsatisfactory because of tlic vibration created, 

5. Finally, cameras for 12 cm. bromble paper are diibetilt to puroliase and 
‘iuite expensive. Tlic one eon.structed in this lahoralory is simple, easily as- 


sembled, and entirely .satisfactory. 

The electrical capacitance di:iphrai,mi manometer described by Lilly- as 
considered for use, but the need for iuuUii>Ie simultaneous rceoi'ds and therefore 
n^nltiple iiieces of tliis apparatus nullified one important rmiuiroment of tiio in- 
‘^Irunient for the rcscarcli to be done ; namely, compactness. 


DESCUmTiOX OF AFI’AKATU.S 

The Assembly.— A table foi- the inaiioiiietcis iiioasuring 30 hy 30 ineheB was 
“'ll coustnictcd that it could ho immobilized on tripod supports or moved about 
»i> casters. To prevent parallax and to facilitate focusiuR, tlic height ot the 
table is adjustable in order to bring the mirrors on a level with the slit ot le 
'amera. Altliough the size of the table may appear to be excessive it was touiw 
that tlie space on it iu front of the manometers is convenient tor holding anti- 
septics, .sponges, and other necessary items for an experiment. 

'aril manometer carrier was attached to a tripod pan and tilt licaU ( 

These in turn were secured to a cast iron bar. l=-4 inches high, at one sudo o 
*be table top. A manometer may be (piickly aimed at the e-'iiioia ai • 

by simple manipulation of the adjustment handle ot the pan and 

aoIphVS 'fexSs*”'""'' MciiKsnV' School ot A'lation 

Received for publication, JIarcli 8, 1915. 
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head. The housing, clamped within the carrier, is a eircular brass tube with 
eight set screws supporting the manometer, 

JPi cquency and Sensitivity of A/ppciviitiis . — Sensitivity may be be aug- 
mented in three ways: by increasing the distance of the optical arm (distance 
from light source and camera to the manometer), by decreasing- the thickness or 
type of membrane, and by increasing the diameter of the manometrie system and 
hence the cross-sectional area through which a force may act upon the mem- 
brane. It is impractical to lengthen the optical arm, pai’ticularly if the in- 
strument is to be employed wliere conservation of space is an important item. 
Membranes with a thiclmess of 0.001 inch or less tend to buelde when exposed to 
arterial pressures. Enlarging the diameter of the system increases the effective 
ma.ss and decreases frerpieney. Hamilton, therefore, set the optimal optical 




Fig. 1. — Alanometer assembly (side view). 


distance at two meters and the most favorable mass of a system yielding ade- 
quate natural frequencies for membranes in excess of 0.001 inch in thiclmess 
as follows: manometer, inch in diametez', 4% inches in length; lead tube, 
approximately 42 inches in length, % inch in diameter; IS- or 20-gauge needles. 
Emplojunent of the instrument in small spaces, however, demands greater com- 
pactness, shorter optical distances, and hence less sensitivity. To counteract this, 
it seemed plausible to increase tlie diameter of the manometer. Aceoi-dingly, 
manometers were constructed with bores iueii in diameter. Natural fre- 
quencies remained satisfactory and sensitivity was usually increased tivofold 
for identical membrane thicknesses. The larger caliber manometers so enhanced 
sensitivity, and consequently analysis of records, that we now employ,,;. 
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all recordings. An optical lover of one meter may bo used, hut wlierc greater 
space pennils, tliis lever is inerea.seil to two meters. 

lu Older to record arterial pressuivs accurately, it is necessary to have 
inanoinetric fre(|ucncics in e.xecss of JOO e,j».s.‘ I'b'ciiucncies are dotorinined 
when each manometer is as.som])led and eliecketi at short intervals tlieroafter. 
The system is tilled with sterile citrate .solution and suction is apidied at the 
open end of the needle. Suddenly releasing tlie pressure llirows the manometer 
into fi-ee vibrations of its own natural frequency which may then be photo- 
graphed. 



Calibratioji . — Immediately upon completion of an experimental procedure, 
all manometers are calibrated against the mercury column. It is important that 
Jhe needles remain in a position identical to that when the record was taken. 

my are plunged into a thick rubber tube, one end of wiiich is clamped and the 
other connected to the mercury calibrating manometer, and a series of records 
as the mercury is elevated by successive increments (Fig. 4). 
^iemhranes.—Many metals have been used to construct membranes. We 
*•^'0 successfully employed both coin silver and beryllium copper in thicknesses 
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ranging from 0.0005 to 0.002 inch. The heiylliinn copper must he heat treated 
in a sand bath at 500° F. for one hour to assure proper "springiness.” The 
membrane is cut to a diameter just exceeding that of the manometer. A tiny 
stud is eccentrically soldered to its outer surface before it is transfixed to the 
manometer by the cap nut. The mii-roi’s, either front or rear surface, are cut 
from 0.5 D jdanoconvex lenses, measure approximately 4 by 4 mm., and focus 
sharp vertical beams of light at two meters. Ordinarj" rubber cement has proved 
satisfactory for mounting them to the membrane stud. 

Light Source . — On top of the camera is the light box (Fig. 2) constructed 
of masonite % inch thick. It rests on a Bolex gearmaster allowing aiming of 
the beam of light in four du'ections. Once adjusted, locking lugs on the gear- 
master prevent accidental movement of the light box. A 50 c.p. automobile 
headlight bulb, with its filament in the vertical position, is attached to a slide 
within the box which, in turn, maj" be moved back and forth by means of a 
small lever extending through a slit to the outside. Slide adjustment is neces- 
sary to focus the beam of light through the 49.0 D cylinder at the front of the 
light box. The cylinder, mounted in a circular retainer ling, may be rotated 
upon loosening two locking lugs. Its axis must be horizontal for the reflected 
beam to east a horizontal rectangle of light on the manometer banlv. Momentary 
adjustment of the bulb slide, gearmaster, and lens retainer ring is usually 
neeessai’y preceding each experiment. 

The masonite light box housing, together with the small bulb, prevents ex- 
cessive heating of the unit and renders ventilation (and coincidental light leak- 
age) unnecessai’y. Adjustment of the light beam by trial and error is simple, re- 
quiring only a few moments to obtain sharp vertical lines from the mirrors. 
Finally, the light source and camera have been incorporated on a single mount, 
facilitating compactness, mobility, and ease of alignment. 

Camera . — The camera (Fig. 2) is housed in pljnvood % inch thick and is 
composed primarily of two parts: upper (load) and lower (film catcher) boxes. 
Acce.ss to the load box is through a slide panel, removable to the rear. It ac- 
commodates 175 feet of 12 cm. bromide paper which is inserted on a roll after 
removal of a plywood shield transfixed to the box by a wing screw. The film is 
brought through a slit in the front of the load box and thence over a drive drum 
covered with a gidt-surface emery cloth. Purchase of film to the dram is aided 
further by a tension roller suspended (without springs) from the roof of the 
camera to rest upon the drive drum. A vertical strip of spring steel guides the 
fibn past the exposure slit into the film catcher box. Exposed film is cut with 
a Icnife mounted in a guide just above the film catcher box and operated by a 
lever attached to the side of the camera (Fig. 3). When the catcher and its ex- 
posed film is removed, further exposiu'e is prevented by a slide and spring ar- 
rangement which closes the slit through which the film entered the box. 

A diagram of the light slit in the camera may be seen in Fig. 2. The entire 
assembly, together with the timer light, is constructed as a single unit attached 
to the face of the camera by a transfixion screw above. The u'idth of the slit 
just in front of the recording paper is approximatelj’ Yq^ inch. The tunnel in 
front of it prevents dispeision of light among the several beams and reduces the 
parallax. 

The timer light (Fig. 3) is constructed to cast a point of light on the .side of 
the film each second (Fig. 4, lowest record). A telechron motor beneath the 
camera table, opei'atiug from a 115-volt A.C. primaiy circuit, describes 1 i.p.s. 

It is equipped with a contact arm activating, through a transformer, a small 
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hull) at oni* oiul of the lie'll! .slit. A tiny mirror refiecl.s tin's ii-jlit through a 
27-gauge hypodermic needle to the film. 

Tile motor, mounted on tlie side of (he camera, is a small Ifoltzer-Cabot 
type operating from a ito-volt A.C. circuit througli (30 cycles. It is so geared 
to the drive drum that camera sjjccds of 2 and G mm. per second arc available. 
The fjLster speed is adectuate for recording contour variatiiJiis in arterial pres- 
sure, whereas the slower speed is more eoiiveuicnt for aualyy.iug (in absolute 
systolic and dia.stolie iire.ssures) .slow elmnges over loiigci- periods (jf time. 



Pij._ 4 is a simultaneous record of the intrapiilnionie pressure, 
“le arterial pressure, and the venous pressure during the performance of a 
Valsalva experiment in man after a deep inspiration (called “Vi” maneuver), 
i'or tile iiitrapiilmonic pressure an air-filled system was used; for tlie otliei pres 
a fiuid-filled system was used. Thlekne.s.ses of the membranes used de- 
pended on the sensitivity desired. In this record, taken at an optical distance ot 
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two motel's, the membranes tvet'e'oC the followinj; thieUiiesses ; arterial ])re.s.sure, 

0.0015 ineh; vciioua prcNivire, 0.00075 iiieh; intraimlmoiiie pix'ssure, ruiiher <lam. 

CONCLUSIONS 

1. The Hamilton manometer was moiUficil for use in limiteil s|)iiees for 
recordinj’ arterial ami venous in'c.ssnres imrticularly. 

2. Changes were made in the mounting, the bore, ami the method of eal- 
ibration of the manometer and in the eamcra and sonree of light. 

The authors are grateful to Mr. Fn»uk V. Garbich, who «li»l the con>truction; Lt. S. 
Itodbard, for buggesting the us.c of the jnin ami tilt head on the lutinoiueter; Dr. ^\. F. Ilaui* 
ilton, of Augusta, Ga., and Dr. L. X Katz, of Chicago, for >ugge.-tu>nj« nn»I ebM.*ntial parf»«; 
Tcchnici.m 4llj Grade Walter Wagner, for teelmiial autibtunt'e; uud Sgt. Ted Wade, fur the 
sketches. 
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A GUINEA PIG HOLDER FOR JUGULAR AND CARDIAC NEEDLING 

II. Rowland Pilmisall, M.D., and Oscar SwiNKrotiD, Jit., ll.D. 
ClIAUI,0'mSVtLLR, Va. 

A BIVALVED pliister cast lias been found mueb more convenient than the 
^ conventional animal board tor juguUu- and cardiae needling. Animals are 
immobilized more tiuickly and more thoroughly. JIueli time is .saved and fewer 
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Fig. 2. 

veins are torn by struggling during injections or aspirations. The cast is cut 
out so that it is not soiled by urine or feces. 

The essential details of the holder are illustrated in Figs. 1 and 2. Varia- 
tion in size of the pigs is accommodated for by the opening at the posterior 
end and by separation of the two halves. With small pigs a snug fit is obtained 
by placing a cloth pad beneath them. The wire hooks are used to immobilize the 
legs for femoral and saphenous punctures. The hooks are not necessary for 
jugular or cardiac needling. 


PRECIPITIN REACTION: QUANTITATIVE JlEASUREiMENT WITH A 
MERCURV SEALED CAPILLARY <‘J” TUBE 

II. Rowland Pearsall, M.D., Stanton L. Eversole, M.D., and 
Oscar Swinefokd, Jr., M.D. 

Charlottesville, Va. 

J OHNSON and associates^ described a modification of the Meloche micro- 
eeutrifuge tube- used in the quantitative measurement of precipitin re- 
actions. They used paraffin and a broad rubber band over the ends instead of 
sealing the capillary tube in a globule of mercury as was done by Meloche. They 
also reviewed the literature on this subject. 

This report describes another modification of the tube which retains all the 
advantages previously recognized and greatly simplifies the method of sealing 
and cleaning. 

The capillaiy section of the tube is made about 5 cm. longer than usual 
to permit bending in the form of a ''J.” A small filling bulb is put in the end. 
A drop of mercury put in this bulb effectively seals the lower bend of the “J.” 

From the -Aliergry Clinic, Department of Internal Medicine, University of Virginia Medical 

This is one of several reports made possible by a grant from Wyeth Inc.. Pliiiadolphia. 
Pa., through their Marietta Pennsylvania Laboratories. 

Received for publication. April 3, 1945. 
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pliEClPlTIN’ KE.VCTION' 

The autigci-autiboav .uixl.uc is ph-ced in U.o 

^ ^vi,.. ...o ..... ... ...e ve.^ 

tica! position (height x tt i")- 




Fig. 1. — P, Precipitate; .V* mercui-y : P, filling bulb. 

To clean the tube simply empty the mercury and suck cleaning fluid 
through it. 
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A POLWALENT SERUiM FOR THE DIAGNOSIS OP' SAIAIONELLA 

Oscar Felsenfeld, M.D., M.S., and Viola Mae Young, M.S. 

Chicago, III. 

'^HERB is no means of avoiding the use of a large set of sera for the typing 
1 . of Salmonella. It is, however, impossible for a small laboratory to cany 
sueli a number of sera in stock. In order to meet the reyiiirements of smaller 
establishments, it is desirable to provide a serum which will give a positive 
leaction with most of the known types of Salmonella. Such polyvalent diag- 
nostic serum containing agglutinins for the agglutinogens of Salmonella found 
in the United States has been described by Galton and Quan.^ Experience of 
the authors with Salmonella strains received from the tropics and subtropical 
regions called their attention to the necessity of widening the range of activity 
of the polyi'alent sera to include less common strains. 

A new polyvalent diagnostic seram was devised therefore which contains 
antibodies for one or more of the antigenic factors of all knorni Salmonella 
strains, with the exception of three rare types: Salmonella Cerro, Salmonella 
Arizona, and Salmonella Balleriip. The sei’um is prepared as follows; 

1. Motile cultures of Salmonella, checked with the aid of some appropriate 
method, for example, that of Hajna,^ are inoculated separately into nine tubes 
containing measured amounts of 1 per cent sterile proteose-peptone broth with 
Yz per cent sodium eliloride, pH 7.2 to 7.4. The Salmonella listed in Table I are 
used. 

After twenty-four hours of incubation at 36 to 37° C., 0.85 per cent saline 
containing 0.6 per cent fonnalin is added to the tubes. The amount of the 
formol-saline should be equal to the volume of the broth in the tubes. The con- 
tents of the tubes are poured together into a sterile flask and preserved in the ice- 
box. 

Table I 


SAI.MOXEI.LA 


ANTIC, ENIC STUV’C'TUUE 


S. paratyphi A 

I, ii, xri 

a 


S. schottmueUeri 

(Variety java) 

IV, V, XII 

b 

h 2, .3 

S. typhimurium 

rv, XII 

i 

S. Hartford 

AH, VII 

y 

Of 11 , , , . 

S. Muenehen 

VI, AHII 

d, d„ di 

1, 2 

S. enteritidis 

I, IX, XII 



S. London 

III, X, XXVI 

1, V 

1, I, G 

S. Selandia 

III, XV 

e, h 

I, 7 

S. Senftenberjj 

I, III, XIX 

g, S, t, Zs, Zj 



At least two rabbits are inoculated into tlie ear vein witli 0.5, 1.0, 2.0, and 
2.0 c.c. of tliis mixed "H” antigen eveiy fourth day. 

2. The surface of eight nutrient agar slants, containing 1 per cent proteose- 
peptone, Yz per cent sodium chloride, and 1.5 per cent agar, pH 7 to 7.2, are 
inoculated heavily with the Salmonella strains listed in Table I, with the ex- 
ception of Salmonella typhimurhim. After twent 3 ’'-four houre of incubation 
at 36 to 37° C., the surface growth is washed off until small amounts of absolute 
ethyl alcohol and the washings from all tubes collected into one flask and mixed 
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and dibti-ibuled into ooiiti-ifiiKe tubes. Tlic tubes are kept 
C. in the water batli, are eentritnged, and the aleohol drained oil and substituted 
with ciinal voluiucs of 0.85 per eeiit saline eontaiuiiu; 0.3 per eciit foriiialiil. 
Tliis mixed "0” antiKeii uia,e lie pre.sereed in the ieebox for .several weeks. 

The rabbits treated with the mixed “11” antiiten reeeive O.i), 1.0, and 2.0 

c.c. of this antigen every fourth day. ... , „ 

3. Finally, the rabliits are given iiitraveiimis injeetions of O.n, 1.0, aiid 1.0 
c.c. of a mixture of live, twent.v-fonr-huur-old proleose-jieptone broth eultiiri's 
of all Salinonelhi strains listed in Table 1. After test bleeding, the sei iiiii 
is harvested and preseiwed by the addition of an eqtnil volnine of glyeeriii. It 
is used both for slide and for tiilie agglitliiialioii le.sls, using the known and 


reliable techniiiue of Edwards and Hrnner.’ 

The serum described gave positive re.siilts witii 07 slock eiiltnres and 270 
freshly isolated strains belonging to the groups “A” to “E” of Salinoiielln in 
dilutions 1:3 and higher, when the slide method was used. U agglutinated 
110 stock cultures and 293 freshly isolated Salmonella strains, members of the 
groups “A” to “F,” in dilutions 1:1C0 and higher, when the te.st tube method 
was applied. Two .strains of .S'. Hiillcrup and one strain of S. Cerro were not 
agglutinated by this serum. 

It is believed that this polyvalent serum may idil in the .simiililieation of 
enteric work both in hiboratories handling spceiiiiens from the United Stales tinil 
from abroad. 


St'MMAUY 


The preparation of a polyvalent diagno.stie serum for Salmonella is given. 
This serum may bo used for slide tigglntiiialion tests of Salmonella belonging 
to the groups “A” to “E.” It gives positive te.st tube agglutination reactions 
with Salmonella which are members of these groups and with most strains be- 
longing to group “P,” i.c., with about 99 per cent of idl known Salimmelhi 
types. 
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the USE OF TEST PAPER FOR THE RAPID ESTT.llATION OF 

sulfonamides in blood and other body fluids 
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patiem. eiiTulating i„ the blood stream of sulfonamide-treated 

sulZ ’ -'i d. Colebiuok* has pointed out that a tlierapenHe 

bifectioirand tlmt th more effective at tlie onset of a bacterial 

and that tlie action of the drug is favored by fever temperatures 
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Quick methods for estimating sulfonamides should retain the accuracy of the 
older methods, reduce the number of steps used, and, if possible, minimize the 
inconvenience to the patients. In a previous communication^ I reported a rapid 
method using a test paper for estimating the concentration of sulfonamides in 
serum. The method differed radically from the usual procedures, and the pre- 
liminary results obtained indicated several points of superiority over tests in 
current use. The object of the present paper is to present data obtained in the 
actual clinical application of the method in an Army General Hospital. Results 
are reported on 518 samples of blood from patients being treated for a variety of 
diseases in which sulfonamide values were obtained by two methods. In each 
ease the test paper value was used as a check on a parallel test run with the 
procedure of Bratton and Marshall.^ Incidentally, bj’’ predicting the sulfon- 
amide level of the unknown with the test paper, it was possible to set up only 
one standard of a value in close proximity to that of the unlmown when using 
the Bratton and Marshall method. 

In my previous communication two questions were raised: (1) whether the 
test paper maintains its integrity over a period of time and (2) what effect 
varying concentrations of proteins in serum, as well as alterations of proteins 
in pathologic conditions, might have on the color produced, which might lead 
to inaccuracies. AVe are now readj”- to report more fully on these questions. 
Because the method has proved of real value in this hospital, a more detailed 
description of the procedure will be given. 

The test makes use of Ehrlich’s reagent, p-dimethylamino benzaldehyde, in 
the formation of a Scliiff base with primary aromatic amines, as first described 
by Kuhnan in 1938.^ The test paper contains this reagent with a sufficient 
quantity of oxalic acid to give a pH of 2.5 when wet with serum or other 
biologic fluid. By the use of the test paper, the level of sulfonamide can be 
estimated directly in plasma, serum, and other clear biologic fluids, without the 
addition of precipitating or acidifying agents. The orange-yellow color pro- 
duced is evaluated by comparison with an appropriate color chart or with colors 
produced simultaneously from solutions of known concentrations. 


PREPARATION OP TEST PAPER 

Large pieces of a good grade of white absorbent paper,® 20 by H/o inches, 
are soaked in the reagent prepared as follows: 1 6m. of a good grade of com- 
mercial p-dimethylamino benzaldehyde (straw colored) is dissolved in 2 c.c. of 
concentrated hydrochloric acid and to this are added 98 c.c. of a 2.23 per cent 
chemically pure oxalic acid. The papers are drained of excess fluid and hung 
up to dry. Thev are now stored in the dark in covered glass jars for from five 
to ten days, during which time most of the hydrochloric acid evaporates. The 
oxalic acid remaining in the papers is sufficient to give a pH of approximately 
2.5 Avhen mixed with body fluids. Once the papers are impregnated, they should 
not be permitted to come in contact with the skin. The edges of the papers aie 
trimmed off and they are then cut into strips 50 by 8 mm. and stoied in suitable 
lightproof vials. The strips are almost colorless and they will remain without 
discoloration for over one year. After long standing the test strips become 
somewhat brittle but this does not reduce their usefulness. 


COLOR STANDARDS 

A useful adjunct to the test paper is a color chart with standardized color 
strips. The colors are best reproduced with water colors adjuste to le piopei 

satisfactory paper is Reeve Angel Filter Paper No. 201. 20 l>y 20 inches, dis.ributea 

by Reeve- Angel & Co.. New York. N. Y. . 



oi- Huu.uKAMn.r.s .s 

»,n„.iso.> .m. .. — ::;f "I;;:;”:::;::::::::: 

“£ulI'..l>slvti,Vian!l.!la .sahaioas. 'stuudard soU.fu.ns -f Mdf.mamid.. 

a,.d" sulfadiazine: tor .sultauil amide the values read fronv t .m “ 

divided liy l.S. Tlie values tor other sidfoiiaiin.les eat. be eakiilaled Mimlaii. 
on the basis of moleeular e-inivalenee. The eolor standards i.re seleded tn 
intensities eorrcsuondius to 0, H. 6, «, 12, In, an.l 20 nitr nt snlln.nnn.de f.er 
100 e.c. or i.\ other couveiueul t-rouinnKS, iiiler...eii.alc^e'aliies heim' .'stnn.ilti 
by intoi’polation.* 

fllOCKBL-.l.; 


Estinuition of the level of sulfona.i.ide is made by siireadins the soUil.oJ. 
to ho tested cve..ly over one end i>t ihc test strip by means of .. iine droppei. 
Capilla .7 pijiettes draw., out fro... (thsss l..t)i..i; are snilable. tliis way, the 
fluid is spread over the paper more l>y .i.ove.ne.tt .if ti.e tlropiicr tha.l l.> rat.il- 
iavity of the paper fibers, and reaKei.ls are not leached out of areas whiel. arc 
oversat.irated witli ti.e test tluid. Within te.. sceoi.ds a taaxi...iim development 
of color occurs a.i.l the tost is eval.iated w.tl.i.i thirty seen. ills. To avoid traps- 
luccnco of the paper intcrferins; with the readiiitr, the wet .sti'i]) is iilaeed oil 
wliito paper or a iiorcclain jilatc. The eolor is tl.en eompared will, the maided 
series of color standards to ohtai.i the siilfo.ianiiile value. The color I'anpes front 
a pale violet or gray with i.oiiaal Imniaii p!a.sma or scrum to a hright ora.iKO- 
yellow with material containing fi'oni 15 to 20 mg. .siilfcmamidc per 100 e.e. Hy 
a fortunate circumstance, the usual co.ieenli'atiiais of sulfonamides attained in 
the body fall witliiu tlie range of easily evaluated color iuteusities. h'or accurate 
reading of tlie colors the oi.crator slioiihl he seated eomfoi lahly and lie slio.ild 
receive evenly diffused liglit, sucli as the iiortli liglit. Kaeility will, tlie metliod 
is attained by practicing will, sera of kiioivn eoneentivition.s for .sei’eral .ses.sion.s. 
Technicians iisiialiy become e.vpert in making accurate i-eadiiigs within llitvc or 
four days. In any event, in the hands of the elii.ieiun experienced in the inter- 
pretation of sulfonamide levels, plasma or .serum eoneenlratiims should lie 
readily classifiable into groupings such as “zero,” ‘'snlitherapcntic,” “tlicra- 
peulic,” and “to.vic.” 


Proteins and other .suh.stance.s usually found in normal or pathologic 
plasma do not interfere with ti.e teal, nor do vaiying cflncciiti'atio.is of proteins 
over a wide range affect tlie eolor. In tlie case of oxalated blood, (lie test is run 
on plasma, which is readily obtained by pcriiiitting the red cells to settle out on 
standing or by centrifuging. Senim can also be n.scd and gives tlie same value. 
Sulfonamide values for wiiole blood arc not transferable to plasma or senini 
values, since the latter will he a little higher than tlie wliolc blood value. The 
value given to a standard serum is obtained by a suifonamido delerminatioii run 
on the corresponding whole Wood hy the Bratton and 3[ar.shall ineliiod. 

In Table I is shown a comparison of vahic.s obtained by tlie tost paper with 
lose secured liy the metliod of Bratton and Marahall. It may bo noted tliat 
lere are very few discrepancies in the values; tlie maximum deviations arc in 
thej^her concentrations and these do not e.xceed 3 mg., with the great majority 
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of the tests within 1 mg. or better. Although the method is subject to the 
usual errors of visual colorimetry, readings which agree exactly or come within 
1 mg. of the Bratton and illarshall method are obtained after some pz’aetice. 
This small discrepancy does not interfere with the accuracy necessary for 
clinical appraisal of drug therapy, and no false positive values have been en- 
countered. 

t.\bi,e I 


NUMBER OP 

BLOOD 

SAMPLES 

BRATTON AND 

1 LA ROSA TEST PAPER 

METHOD SHOWING 

NUMBER 

MARSHALL 


OF TESTS 

DEVIATING by: 


METHOD 

(mg. %) 

<1 MG. % ^ % 

2 MO. % 

+ 

3 MG. % 

Sulfadiazine 

5 

Range j 





0 

5 

0 

0 

0 

22 

<1 

22 

0 

0 

0 

56 

1-3 

51 

3 

2 

0 

203 

4-8 

163 

31 

9 

0 

187 

9-16 

129 

43 

12 

3 

It 

17-20 i 

5 

5 

3 

1 

Sulfathiasole 

2 

0 

2 

0 

0 

0 

4 

<1 

4 

0 

0 

0 

2 

1-3 

2 

0 

0 

0 

20 

4-8 

13 

0 

2 

0 

3 

9-13 

1 

1 

1 

0 

Total 51 S 


397 

88 

29 

4 

100% 


76.6% 17.0% 

5.6% 

0,8% 


The use of test paper for the sulfonamide determination of blood has a 
number of advantages over other methods in use at present. Because the volume 
of plasma required for the test is small, it is not necessary to effect a veni- 
puncture to obtain a sample of blood. Blood drawn from a linger puncture is 
sufficient for the test. The volume of blood necessary is no more than 0.01 c.c. 
and this is conveniently collected in a capillai’y tube 68 mm. long with inside 
diameter not less than 1 mm.,® containing dried oxalate to prevent coagulation. 
Nonoxalated capillary tubes may also be used for collecting samples of blood, 
but sufficient time must be allowed for complete coagulation before proceeding 
with the test. The oxalated tubes are prepared by filling the capillary tubes 
with 3 per cent potassium oxalate, followed by diying in a hoi'izontal position in 
an oven at about 70° C. A large number of these tubes is prepared at one time 
and, if the diameter is of proper size, no clogging of the tubes is experienced. 
The capillaries are filled two-thirds full by contact with the drop of blood, 
and the clear end is then sealed by flaming. The plasma is separated in a 
centrifuge and the tube is cut at the junction between cells and plasma. Ihe 
plasma is then transferred to the test paper by holding the open end of tlie tube 
perpendicular to the test paper and giziding it down the strip.^ Transfer of the 
fluid is easily effected bj^ gravity and the capillary action of the paper. Foi 
identification the capillaries ai-e flagged with gummed labels bearing numbers 
or names. The practicability of this procedure has been demonstrated in oin 
laboratory in a large number of eases. Tt is especially convenient for use with 
individuals whose veins are difficult to reach, as well as with babies being treate 
with sulfonamide. In the ease of children, the heel is usually the site chosen for 
puncture. The method is rapid and reliable as well as economical of equipment 
and man power, thus making it possible to nm several tests on the same m- 

•Capillarr tubes of these dimensions are supplied by the Kimble Glass Co., % ineland. N. 
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dWidvul d«rin« the coulee of the day willK»rt oveHaxint: the h.honUmy p^nn^. 
Itoreovcf, a finger punctiirf is less ohjoelioiiahle anil the p.iticnt n. liss . 

The test [laper can he used in like n.aiiner for the e.slinialioii ol .snlfoiiamntes 
in other dear body ihiids, such as siiiiial lUlid, idlest llnid, synovial ‘’'"‘h 
urine. A'^ariiition in tlio anioiinl of iirotein in the teat lliud does not afteet le 
intensity of the colois jirodneed. During ehemulherapy the eoneentralion ol tlie 
sulfonamides in urine is nornndiy too high for a lUreet ipiantilative readmir, 
and it is nece.ssiiry to dilnio the urine J to 20 to tiring the eonreiilration within 
the range of color cvalnation. Hy eoiiliniiig the test to nndiinted urine, im- 
portant iiitormalion may lie ohiaineil eoneeruiiig the preseiiee or aliseiiee of 
sulfonamide drug in the body, as in the ease of iiatieiil.s who liaie been traii.s- 
feircd I’ccentl.v, or in those reeeiving |iroptiylaetie doses for tlie prevention of 
meningitis, scarlet fever, venereal disease, ete. 

The reaction on the test paper ts given by free .siilfoiiamides and oilier 
pvUuary aromatie amines iiieliidiiig p-aininoheiizoie aeiil; I hat is, hy the .same 
eompoiinds that give color in the method of Dratloii and hiarslnili. Uvea in 
large concentrations such as arc found in mine gives a delayed reaetion wliieli 
is easily distinguishable fioin a true sulfonamide color reaetion. SnUonamide 
crystals found in urine are in tlie conjugated form ami when liroiiglit into 
solution do not give a iiositivo lest. Pyrrols and indoles do not react with 
the reagent at the acidity maintained in the lest. Moderate liemolysis or pig- 
mentation of body fluids .seems not to interfere serioii.sly willi color matching. 
Changes in composition of plasma due to iialhologie eoiidilioiis are not rcllocteii 
in the color produced and lead to no inaeciiraeies. Thus the test paper appears 
to he of general use for the detection of sulfonamides. 


SUMM.\nV 

A method is presented for the estimation of the snlfonamidc level in blood 
and other body fluids hy the use of te.st papers impregnated with p-dimethyl- 
amino beiizaldehyde. The validity of this nictliod lias been domoiist rated on 
518 blood samples by comparing the lest paper values witli those ohtnincd liy 
the Bratton and Marshall method. The color develoiied on the test paper is 
evaluated by eomparisoii with an appioiiriate color chart or colors developed 
with sera of Irnomi sulfonamide eoniriitivitioii. The method can he used with 
small volumes of blood drawn in capillary tubes fioin finger piiiieturcs. The 
test is applicable to plasma, .senim, and other clear biologic Ihiids. 
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Patients Have Families. By Henry B. Eichardson, F.A.C.P., Associate 

Professox- of Clinical Medicine, Cornell University IMeclieal Collese; Attend- 
ing Physician, New York Hospital; Visiting Physician, Bellevue Hospital, 
New York, N. Y. The Commonwealth Pund, 1945, New York, N. Y. Price 
$3.00. Cloth with 408 pages. 

This book is a repmd of a research effort (“The Family Study”! supported 
the Josiah Macy, Jr. Foundation; the cooperating organizations are Cornell 
University Medical College-New York Hospital (medicine, psychiatry, public 
health, medical social service) and Community Service Society (family service, 
educational nursing). An anthropologist took part during the last months of 
the two-year study. 

During the two years of conferences amojig the members of the cooperating 
professions, there developed “a capacity to communicate with each othei’, to 
frame questions and to attempt answers,” of which they had hardly been aware. 
It was decided therefore that the report of this work be addressed primarily to 
the medical profession and to the lay world concerned with medical problems 
and that it present (a) the value to the medical profession of seeing the in- 
dividual patient as a personality and as part of his family constellation and 
(b) the essential contribution which can he made by psychiatry and the social 
disciplines to this view of the patient and to treatment plans geared to such an 
emphasis. 

The book consists of the experiences Avhieh led to the group convictions, an 
attempt at setting up concepts in terms of which types of family units and 
family equilibria can be described and uniformities (if such exist) sought for 
and descriptions of the functions, procedures, and attitudes of the various co- 
operating professions. 

Only about fifteen families were considered at all systematically by the 
entire gi’oup, and these for diverse reasons. Hence it is explicitly stated that 
the families described are in no wa.A'^ representative of any given area or cultural 
group. 

One of the striking features of the report is the careful description of the 
histoiy of one family known to various of the professions (chiefly in the hospital). 
It required two yeai’s of intensive medical studies of several of the faniifr mem- 
bers before there appeared in the medical report the slightest hint that their ill- 
nesses had any relation to factors not limited to the single organism. The hint 
was “Inadeciuate intake of food due to poverty.” It required four years before 
there appeared in the record of one family member a definite statement of a 
relation between that member’s sjunptoms and “emotional stress. Ihereaftei, 
single interviews by psychiatrists and social workers brought out the fact that 
the supposed “medical” symptoms rvere temporarily related to difficulties in the 
interpersonal relations of the family membei's within the family and outside of 
it. Treatment could then proceed. Within a statable short period of time t le 
problems of a number of persons could be brought to such a point that t le cm - 
less waste of medical, social, community and family time, resouices, an mone.x 
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was stopped. PsychiatHsts who ael ns eoiisiiltniils to lio.spitnl inedieiil .serviee,s 
make sucli oljsorvations ief?iilai-ly, hut no one has collccled ttie data systemalioally 
and e-xpresscd tliem in tonn.s o£ sueli objcetive criteria as exi'enditvire ol tiiue, 
etc. Untii this is done the tneflieicney o£ present-day modieiue as eoinpared with 
its potential effectiveness under tlio same conditions lias not lieeii demonstrated 
convincingly. 

The de.scription of the .same family brings out another striking feature of 
present. day medieine, not stre.s.sed by the anllior ol the report. Lornell Uni- 
versity Jledical College-New York Hospital has had witliin its walls for some 
ten years a research group making fundamental eontrihntions to the viewpoint 
stressed by the author of the report— that of “p.sychoMniiatie” incdieiiie. Since 
1932 there has also been avaitahle a psyehialrist a.ssigned full time by the Payne 
Wliilney Clinic for work as consultant on the meilieal pavilions. Never! helc.ss, 
(about 1940) four years were required by the medical in- and outpatient deimrt- 
inents to reach eonelnsions that demonstrably could he reached in perhaps four 
interviews, at the most, of one hour each, and were in fact so reached. The iii- 
fereiiee is warranted that even a first-rate re.seareh and teaching arraiigeinciit 
may aecotnplish little toward the effective teaching of the attitude that the 
patient must bo considered as a behavioral unit and as a member of an inter- 
dependent system of such units. Obviously more needs to be known about the 
elements essential to success. A factual description of the physical setup, 
organizational relations, and interpersonal relations characterizing the mcdicine- 
psychiatry-social work arrangement at any one place such as Cornell Jledical 
College-New York Ho.spital miglit be most illuminating. 

It is diflicull to detect any trace of anthropological influence in that section 
of the report dealing with tlie group’s attempts to eharaeterize “family 
equilibrium.” The usefulness of tlie concepts employed is likely to he extremely 
limited, for tliey are in no way defined in terms of tlie ojierations necessary to 
establisli tlieni. Examples of tlie concepts are imitation, identification, recipro- 
cating system, focus. Attempts to defiuc iu terms of operations the equilibria of 
paim of interacting individuals, of families, and of societies liavo already been 
made by anthropologists; tliere is no reference to any of tliese attempts, some of 
whieii have consideralilc proniLsc. 

The hook has inueli of interest in it. It represents a first approach to the 
scientific study of a most important subject. 

Geoiige S.vslow. 

Approved Laboratory Technic. Clinical Pathological, Bacteriological, Myco- 
logical, Virological, Parasitological, Serological, Biochemical and Histo- 
logical. By John A. Kolmer, 1I.S., M.D., Dr. P. H., ScD., LD.D., L.H.D,, 
P.A.C.P., Professor of liedieinc in the School of Jledicine and the School 
of Dentistry, Temple Univereitj- ; Director of tlie Rc.searcli Institute of 
Cutaneous Medicine; Formerly Professor of Patliology and Bacteriology, 
Graduate School of Medicine, University of Peumsylvania ; and Fred 
Boenicr, V.M.D., ..Issociatc Professor of Clinical Bacteriology, Graduate 
School of Medicine and jissistant Professor of Bacteriology. School of 
Medicine, University of Pennsylvania; Bacteriologist, Graduate Hospital 
I iuiaddphia. Fourth Edition. D. Appleton-Centiuy Companj-, Inc., New 
fork, N. Y. Price $10.00. Cloth with 1017 pages. 

Tins volume is a veritable cucyclopoedia of the most useful clinical labora- 
tory procedures and their normal values. It is intended as a companion volume 
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to Dr. Kolmer’s Clinical Diagnosis by Laboratory , Examinations and contains, 
therefore, veiy little discussion of the significance and intei-pretation of ab- 
normal results. New sections have been added in this fourth edition on methods 
for examining saliva, pancreatic function, blood and urine for hormones and 
vitamins, and stools, blood, and tissues for parasites. Other chapters have been 
rewritten to include new techniques like the very useful copper sulfate method 
of Phillips and his co-workers for detei-mining the speeifie gravity of whole 
blood and plasma.. The material on bacteriologic, mj^cologic, virologic, and 
serologic methods is particularly well done. There are valuable unique sections 
like the ones on the care, inoculation, and bleeding of laboratory animals, 
recognition of the common diseases of laboratory animals, and the prevention 
and treatment of laboratory accidents. The book is unusually well printed for a 
war volume, is profusely illustrated, and contains a wealth of charts. The style 
is simple, direct, and easy to read. 

Hospital laboratories, clinical pathologists, and medical technologists will 
find the book an essential reference work. Since it must be used in conjunction 
with the above-mentioned companion volume for clinical purposes, however, the 
expense involved makes it less serviceable as a textbook for medical students. 

The Marihuana Problem in the City of New York. By the Mayor’s Committee 

on Marihuana. The Jaques Cattell Press, Lancaster, Pa. I’rice $2.50. 

Cloth with 220 pages. 




